Severe Winds

Non-tornadic winds of 58 miles per hour or greater.

Hazard Description

Severe winds, or straight-line winds, sometimesuodeiring severe thunderstorms and other weattsesyg, and can
be very damaging to communities. Often, when giitaine winds occur, the presence of the forcefirds, with
velocities over 58 mph, may be confused with agdmoccurrence. Severe winds have the potentezduse loss of
life from breaking and falling trees, property dayjpaand flying debris, but tend not to cause asynteaths as
tornadoes do. However, the property damage froaigéit line winds can be more widespread than rzattw, usually
affecting multiple counties at a time. In addititmproperty damage to buildings (especially lassdy structures
such as storage sheds, outbuildings, etc.), tisegerisk for infrastructure damage from downed polives due to
falling limbs and trees. Large scale power fadun&ith hundreds of thousands of customers affe@s common
during straight-line wind events.

Hazard Analysis

Another dangerous aspect of straight line windbas they occur more frequently beyond the ApriSeptember time
frame than is seen with the other thunderstormrdazalt is not rare to see severe winds ravages gdithe state in
October and November—some winter storm events ichigan have produced wind-speeds of 60 and 70 mpées
hour. Stark temperature contrasts seen in coffidimt masses along swift-moving cold fronts canuooduring
practically any month.

Figures from the National Weather Service indithtt severe winds occur more frequently in thelseun-half of the
Lower Peninsula than any other area of the st@e.average, severe wind events can be expecteihi:8 per year
in the Upper Peninsula, 3-4 times per year in thehern Lower Peninsula, and 5-7 times per yeahésouthern
Lower Peninsula. It must be emphasized that tdisrs to winds from thunderstorms and other formsevere
weather, buhot tornadoes.

Severe winds spawned by thunderstorms or othemsteents have had devastating effects on Michiggsulting in

122 deaths, nearly 700 injuries, and hundreds d¢ifomé of dollars in damage to public and privateperty and

agricultural crops since 1970. Severe wind evargscharacterized by wind velocities of 58 mileshuur or greater,
with gusts sometimes exceeding 74 miles per hauwnrifane velocity), but do not include tornado¢Blease refer to
the Tornadoes section which follows, for more infation on that hazard.)

Another dangerous aspect of straight line windbas they occur more frequently beyond the ApriSeptember time
frame than is seen with the other thunderstormrdazalt is not rare to see severe winds ravages gdithe state in
October and November. Stark temperature contsasts in colliding air masses along swift-movingddobnts occur
regularly during those months.

National Weather Service forecasts of severe wirglslly give sufficient warning time to allow resits to take
appropriate action to reduce, at least to someedegine effects of wind on structures and propekiitle can be done
to prevent damage from flying objects. Howevenper structural bracing techniques can help mirengz even
eliminate major damage due to the loss of a rooh@vement of a building off its foundation.

In terms of response to a severe wind event, pimyifbr the mass care and sheltering of resideftsvithout heat or
electricity, and mobilizing sufficient resources d¢ear and dispose of downed tree limbs and otledrisl from
roadways, are the primary challenges facing Miahigammunities. In addition, downed power linesspré a public
safety threat that requires close coordination exfponse efforts between local agencies and utilitympanies.
Thunderstorms and severe winds can affect everyhiyaon community. Therefore, every community should
adequately plan and prepare for this type of enmenge That planning and preparedness effort shoduide the
identification of necessary resources such as btaskets, food supplies, generators, and debni®val equipment
and services. In addition, each community shouéletbp debris management procedures (to include the
identification of multiple debris storage, procegsand disposal sites) so that the stream of tnelecanstruction
debris can be handled in the most expedient, efficand environmentally safe manner possible.
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To mitigate the effects of severe winds, commusitian: 1) institute a comprehensive urban forgstogram, 2)
properly brace and strengthen vulnerable publidifies, 3) ensure compliance with manufactured baamchoring
regulations, 4) coordinate with utility companies lmcal restoration priorities and procedures, riprove local
warning systems, and 6) amend local codes to regtiuctural bracing, where appropriate, in all mesidential and
commercial construction.

Derecho

A Derecho, also called a bow echo, is a widespegatilong-lived windstorm that is associated witfast-moving

band of severe thunderstorms. “Bow echo” describescurved weather front that typefies a dereblw the word

“derecho” comes from the Spanish language and nielmest.” By contrast, tornado winds “turn” (tfg&panish word
tornar meaning “to turn”). The word derecho providesamveniently brief term to describe severe non-tdima
winds. By a “widespread event” the definition medimat the front can be hundreds of miles longrande than 100
miles across. The damage path of a derecho wak least 250 miles long. Derechos are usuallyaasbciated with a
cold front, but instead with a stationary fronthel occur mostly in July, but can occur at any taneng the spring
or summer. The following map gives an indicatiéthe pattern of Derecho frequency across the Madwe

There are three types of Derechos:

» Serial Derecho - Multiple bow echoes embeddedrimaasive line typically around 250 miles long. Tiyise
of Derecho is usually associated with a very degpgressure system. Also because of embeddedcsliper
tornadoes can easily spin out of these types oé@ws.

* Progressive Derecho - A small line of thunderstorake a bow-shape and can travel for hundreds lekmi

* Hybrid Derecho - Has characteristics of a seriad anogressive Derecho. These types of Derechos are
associated with a deep low pressure system likelsBerechos, but are relatively small in size like
progressive Derechos.

Moderate and High Intensity Derechos
1980-2001

Note: Numbers on map indicate the number of Derethat occurred during the period.
Source: National Oceanic and Atmospheric Admiat&tn

As the following table shows, severe wind eventsrage about 3 events per year in Upper Peninsuilaties, 2 per
year in northern Lower Peninsula counties, ancd1D7ttimes per year in southern Lower Peninsulates.
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Severe Wind History for Michigan Counties — arrangel by region— Jan. 1996 to Oct. 2013

(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or Severe Wind Days with Tot. property | Tot. crop damage| Injuries | Deaths
area Events Severe Winds damage

Washtenaw 300 151 $13,335,000 2 1
Wayne 306 155 $64,495,000 28 8
.Livingston 219 117 $3,319,500 1

Oakland 414 163 $16,319,000 8 2
Macomb 279 133 $22,953,000 2

5 Co Metro 304 avg. 144 avg. $120,421,500 41 11
region

Berrien 178 116 $866,000 $120,000 8 2
Cass 137 101 $1,223,000 5

St. Joseph 145 97 $648,750 2
Branch 162 94 $422,500

Hillsdale 150 90 $562,500 2

Lenawee 216 113 $7,254,000 5

Monroe 198 124 $5,030,000 8

.Van Buren 114 83 $1,511,000 $40,000 1
Kalamazoo 124 95 $5,808,000 $145,000 1
Calhoun 156 110 $29,270,000 $235,0000 10 1
Jackson 118 84 $1,210,000 $30,000

Allegan 246 153 $2,991,000 $125,000 3

Barry 201 126 $2,502,000 $85,000

Eaton 196 116 $5,255,000 $210,000

Ingham 210 116 $6,060,000 $85,000

.Ottawa 209 133 $38,957,000 $10,090,000 21 4
Kent 227 139 $63,509,000 $20,115,000 60 3
lonia 184 116 $2,411,000 $75,000 2

Clinton 196 118 $3,077,000 $100,000 2
Shiawassee 230 144 $5,025,000 $30,000

Genesee 384 178 $9,942,000 $30,000 3

Lapeer 277 162 $5,466,000 $30,000 1

St. Clair 286 164 $6,654,000 $30,000

.Muskegon 191 117 $29,471,250 $5,050,000 5 1
Montcalm 183 123 $16,354,000 $100,000, 23

Gratiot 162 106 $2,478,000 $45,000

Saginaw 292 158 $7,905,000 $30,000 5

Tuscola 145 91 $3,290,950

Sanilac 92 65 $2,729,500 $4,000 1

.Mecosta 40 33 $626,110 $10,000

Isabella 54 47 $1,265,000 $15,000

Midland 88 71 $2,828,000

Bay 105 72 $4,986,000 1
Huron 118 76 $3,091,000 1
34 Co S Lower 177 avg. 110 avg. $280,679,560 $36,829,000 162 19
Pen

Continued on next page...
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Part 2 of Michigan County Wind History Table

.Oceana 38 32 $4,607,000 $50,000 37
Newaygo 51 39 $2,118,000 $40,000 2
.Mason 48 39 $1,677,000 $15,000 5

Lake 31 30 $2,144,000

Osceola 32 30 $564,500 $25,000 1

Clare 41 34 $519,500 $15,000 1

Gladwin 31 26 $256,500

Arenac 28 23 $222,500 4

.Manistee 45 36 $538,500

Wexford 36 29 $194,000

Missaukee 20 17 $301,000

Roscommon 51 40 $233,000 1

Ogemaw 51 41 $450,530 1

losco 36 27 $151,000

.Benzie 24 20 $158,000

Grand Traverse 38 29 $300,500 $1,000

Kalkaska 28 22 $63,000

Crawford 28 21 $252,000

Oscoda 27 24 $168,000 1

Alcona 42 35 $93,000 1
.Leelanau 33 26 $123,000 $8,000

Antrim 55 41 $231,00( 1

Otsego 38 35 $180,500

Montmorency 38 31 $235,000 $5,000 1

Alpena 40 34 $190,000

.Charlevoix 35 30 $273,000

Emmet 35 31 $281,000 1
Cheboygan 30 27 $81,000 $100,000

Presque Isle 26 23 $80,000

29 Co Northrn 36 avg. 31 avg. $16,686,030 $259,000 55 2
Lower Pen

Gogebic 83 56 $171,500 $1,000,000 1
Iron 55 40 $70,50( $2,000,000

Ontonagon 59 42 $57,000 $1,060,000

Houghton 64 37 $138,500 $1,000,000

Keweenaw 38 35 $341,000

Baraga 49 33 $463,500

.Marquette 119 69 $619,750 2
Dickinson 60 42 $878,000

Menominee 64 46 $124,500

Delta 68 39 $986,200 $4,250,000 2
Schoolcraft 35 31 $675,000 $2,613,000

Alger 45 38 $251,000 $1,001,000 1

.Luce 36 24 $171,000 $1,000

Mackinac 24 21 $89,000

Chippewa 31 26 $75,500

15 Co Upp.Pen 55 avg. 39 avg. $5,111,950 $12,925,000Q 3 3
MICHIGAN 7,324 780 $403,452,030 $49,397,000 261 34
TOTAL
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Impact on the Public

Severe winds tend to impede transportation, causimged traffic and impaired control on roadwaysd @elays in
the flight schedules for airlines. In additioneithphysical impact can be comparable to thatweak tornado, judged
in terms of the severity of the resulting propedgmage, but with a more widespread area of eff&tructural
collapse, and damages caused by falling trees/limba cause injury and impairment of the residérdiad
commercial use of the affected properties. It @syvcommon for winds to cause trees and their lintdb®reak
communication and power lines, causing the typampécts described for the lightning hazard (anth@section on
infrastructure failures).

Impact on Public Confidence in State Governance

When winds cause infrastructure failures, a questimy be raised about the adequacy of that infretstre, its

maintenance, and its design and regulation. Imtsvat require mass sheltering, such as schoddsge gatherings
(e.g. a county fair or community-sponsored eveihg, ability of local and state government to adégygplan for

severe weather is often vital to the success di swents, which themselves are often importanvéoious sectors of
the local and state economy. Citizen discontedt media-exacerbated controversies have arisen diturations in

which inadequate planning was evident, or provssifam public sheltering were inadequate.

Impact on Responders

Responders tend to be working outdoors in conditioom which most residents are taking shelterth@lgh special
training and safety precautions have usually be&art (e.g. for line-repair workers), neverthelessponders are
more exposed to and at-risk from the impacts otewinds. Some winds, such as the most extrersts gom
severe straight-line winds (microbursts), can befpbut can still be surprising and harmful togbacaught in them.
Strong winds can also persist for many hours araterbate the existing difficulties and challengaglived in
emergency response—impeding traffic, causing pdess and road closures, and making the use of eguipmore
difficult.

Impact on the Environment

Non-tornadic winds of at least 58 mph are classifie severe winds and/or derechos. Some of tiefllaeffects of
wind on the environment include full-grown treesnigecompletely uprooted and knocked down, or laageeage of
forest land being destroyed. Large amounts of isielefements from collapsed structures, and destrayatural
vegetation can result from severe winds. Wildlfieecies can be harmed. Collapsed structures cataico
combustible building materials, debris, chemicaiachinery, smoke, sewage, or other elements timatlamage the
environment. Lakeshore beach erosion can occomngalvith rip currents in the water, as a resulse¥ere winds.
Winds can stir up sediments in waterways that tsmdaisrupt the ecosystem.

Recent Significant Severe Wind Eventsin Michigan

Various Dates — Lake Michigan (Oceana and Masom@es)

The twenty-mile span of Lake Michigan between kitRoint Sable, at Silver Lake, and Big Point Sabteth of Ludington, has earned a reputation as the
"Graveyard of Ships." Beginning with the loss loé tNeptune in 1848, through the Armistice (now Yaats') Day Storm of 1940, nearly seventy vessele ha
gone down in these treacherous waters. Gales amenhber snow storms have made navigation of thisgb¢he lake a sailor's nightmare. Significamtcng the
losses near Pentwater Harbor were the schoonehWndl854, the Minnie Corlett and the Souveniod8v5, the Lamont in 1879 and the tug Two Brotliers
1912. The freighters William B. Davock, AnGa Minch and Novadoc were all lost on November940.

November 18, 1958 — Lake Michigan

The November 18, 1958 sinking of the 615-foot CarBradley limestone carrier in Lake Michigan, 6@es west of the Mackinac Bridge, was due to exvess
waves caused by winds up to 100 miles per hourrindes theorized that the “working” of the steelllhy 20-foot waves popped the rivets that held gshigp’s
plates together, causing the large vessel toisgito and sink. Thirty-three of the 35 crewmerboard died in the accident.

November 10, 1975 — Lake Superior

The November 101975 sinking of the freighter Edmund Fitzgerald_ake Superior was due to excessive waves caussdugye winds exceeding 60 miles per
hour. A total of 29 crewmen died in the accident.

July 15-20, 1980 — Southern Lower Michigan

Wind-related damages were so severe in the soutteemer Peninsula from July 15-20, 1980 that a Elesial Major Disaster Declaration was grantedifor
counties. Over 300,000 electrical customers waftenlithout power, some for several days. Durimg ttecovery process, almost $6.8 million in pubhd private
assistance was made available to affected locadjations and to residents in the affected ardasur million dollars in low-interest disaster Isawere made
available through the Small Business Administration

April 30, 1984 — Lower Michigan

On April 30, 1984 a windstorm struck the entire lesWPeninsula, resulting in widely scattered damagigath, and several injuries. Wind gusts medsupeto
91 miles per hour in some areas. Damage was wibaltered, but extensive, with 6,500 building€) B®bile homes, and 5,000 vehicles being dama@aakr
500,000 electrical customers lost power. In addjtil0-16 foot waves on Lake Michigan caused sesteoee erosion, collapsing some cottages and driviany
boats aground.
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March 27, 1991 — Central and Southern Lower Michiga

On March 27, 1991 severe thunderstorms and acconmgahigh winds caused considerable damage acrdasga portion of central and southern Lower
Michigan, damaging homes, businesses, farms, ané paoblic facilities. A total of three deaths &wlinjuries were attributed to the storms, and pomees lost

to 450,000 electrical customers (many for up to week). The storms also spawned tornadoes andnhsilme areas. Damage to homes and businesses was
estimated at over $30 million, with almost all bbse losses covered by private insurance.

July 7, 1991 — Southern Lower Michigan

On July 7, 1991 a line of severe thunderstorms wétty high winds crossed the southern Lower Pettanstlihe National Weather Service recorded wind:dpe

of 60-70 miles per hour, with gusts in several tmres exceeding 80 miles per hour. Several milliofiars in damage occurred, and over one milliectecal
customers (more than 10% of the State’s populaticere left without power, some for several days. atidition, thousands of downed power lines caused
significant public safety concerns and burdenedleeady difficult restoration process.

July 13-15, 1995 — Statewide

From July 13-15, 1995 severe thunderstorms damagerous areas of Michigan. These storms, whiotuymred winds up to 100 miles per hour with damaging
golf ball-sized hail and severe lightning, damabaddreds of structures and downed thousands af &neé power lines statewide. Damage was widespbesd
the impacts were not severe or extensive enougimynone location to require supplemental disagtsistance. The strong winds produced widespreagmpo
outages. More than 400,000 electrical customessirtheast Michigan lost power due to the stormsRoscommon County, over 100,000 trees were tapipje
the winds. Wind gusts in that area were estimatede 85-100 miles per hour range. One personkiliasl when her pontoon boat flipped over whileeatpting

to return to its dock. One person was killed iméfuCounty when a barn collapsed between Bad AgeHarbor Beach.

April 6-7, 1997 — West Michigan

On April 6-7, 1997, an intense early spring lowsstge system moving across the Great Lakes brgadgaforce winds to much of Lower Michigan. Windists

of 50-70 miles per hour created 10-15 foot waveshenLake Michigan shoreline, causing widespreattvdamage and lakeshore beach erosion. Privataggam
was estimated at $5 million, most of that occuriimg handful of West Michigan counties. The winlisvned numerous trees and power lines acrosegfien,
causing roof damage to many structures and powages for nearly 200,000 Consumers Energy elettricstomers. The U.S. Army Corps of Engineers
estimated that the severe beach erosion resultad inuch as 20 feet of beach loss in some ardas.b8ach erosion was due in part to the unusuigly Great
Lakes water levels, nearly 38 inches above aver@ge injury was later reported in this severe wéadnt.

July 2, 1997 — South-Central and Southeast Michigan

On July 2, 1997 a series of intense thunderstorarg ¥rough south-central and southeast Michigaawging severe straight-line winds, several toreadand
heavy rainfall. In some areas, the straight-lineds reached speeds of 70-100 miles per hour, mgussgnificant structural damage and massive ansoaht
debris. The severe storms and the associated isnpagsed a total of 16 deaths and 120 injuride tdrnadoes and straight-line winds downed thalsahtrees
and power lines, which knocked out power to 350,8@@trical customers. A Presidential Major Disafdeclaration was granted for the five county arest

severely impacted by the storm event. (See theallwes section for additional details on the tooeadssociated with these severe thunderstorms.)

October 5, 1997 — Delta and Schoolcraft Counties

Severe thunderstorms out of Canada pushed theirtiraygh the Upper Peninsula on October 5, 199%attrg numerous microbursts (small, powerful
downdrafts) that caused significant damage in Deftd Schoolcraft counties. Winds estimated in &xad 100 miles per hour cut a 12-mile wide swédth o
destruction in the two counties, downing thousasfdsees and damaging 600 buildings and numerohiles. Total property, tree and agricultural &ssvere
estimated at $3 million. The U.S. Forest Servemorted damage to 9,000 acres of forest. The gachDepartment of Natural Resources suffered 5085 axf
tree loss, and 200 acres of corporate forest weoeheeavily damaged. Fortunately, these microBuwsturred in lightly populated areas, or the thtedife and
property might have been much greater.

May 31, 1998 — Southern Lower Peninsula

On May 31, 1998 a derecho raced across the Lowsinfda around 4:30am, producimgdespread 60 to 90 mph wind gusts that caused&xe tree and
structural damage and left over 861,000 homes asihésses without electricity. Consumers Energgnted the derecho as the most destructive weatfestt &

its history, leaving over 600,000 of its customefthout power. There were four storm-related faédi and 146 injuries (mostly minor) reported ie ttate.
Statewide, approximately 250 homes and 34 busisessee destroyed and 12,250 homes and 829 businesse damaged. Damage estimates totaled over $166
million. The highest wind gusts reached 120 to &§th in Spring Lake (Ottawa County) and Walker (K€aunty), 100 mph in portions of Montcalm County
(including Cody Lake and Stanton), and 90 mph ick®ard (Kent County) and Zeeland (Ottawa County}obk up to 10 days to fully restore power to airt
areas, including the City of Walker and portiondvwintcalm and Gratiot Counties. A Presidential BisaDeclaration was declared for 13 counties.

September 26-27, 1998Northern Lower Michigan

During the weekend of September 26-27, 1998, seienmederstorms ravaged northern Lower Michigandpeing strong winds that damaged or destroyed
homes, businesses and public facilities, and dovwmees and power lines. Otsego County, specijichi city of Gaylord, was hardest hit, althougimdge was
also reported in Crawford and Charlevoix countiesvell. The storm front, which ran along and navfithe M-32 corridor from East Jordan to Alpenasw
approximately 12 miles wide and 15 miles long. Wiige front slammed into Gaylord, wind speeds leaded hurricane force of 80-100 miles per houre T
wind was accompanied by brief heavy rainfall andf pall sized hail. The storm lasted only a fewnotes in Gaylord, but the damage was tremendous.
Thousands of trees were snapped off at waist laeehes and businesses were torn apart, powenlieesdowned, and several public facilities weressartially
damaged — including the Otsego County Courthoub&hatost half of its roof. Approximately 818 hosmweere damaged throughout Otsego County, includihg
that were destroyed and 92 that incurred major damaln addition, the storm injured 11 persons reneeriously. Region-wide, about 12,000 electrical
customers lost power. A Governor’s Disaster Datian was granted to the county, to provide staséstance in the debris cleanup effort.

November 10-11, 1998 — Statewide

One of the strongest storms ever recorded in tlea@tGrakes moved across Michigan on the 10th artdl dfiNovember, 1998, producing strong, persistantis/
that damaged buildings, downed trees and powes, likibed one person, and left over 500,000 eleatrtustomers in the Lower Peninsula without powatind
gusts of 50-80 miles per hour were common, andalt gast of 95 miles per hour was reported on Maakisland. Damage was widespread but relativehomi
for a storm of that intensity. However, there wseseral pockets of significant damage acrossttte.s In Troy, the walls of a church under corston were
destroyed. In Flint, a warehouse lost its roah#wind, and another had its roof damaged. In@#mens, a boat storage rack collapsed, causimg 500,000
in damage to 20 boats. In Frankfort, on the Lakehidan shoreline, 80-90 mile per hour wind gusstrbyed a hangar at the City-County Airport ($800,in
damage) and damaged six private planes. In Lale @B roof was blown off a hardware store. Th&.UForest Service reported that at least $10anillvorth
of timber was lost in the Ottawa and Hiawatha Natld-orests. The strong winds generated 15-20viases on Lake Michigan, while 8-15 foot waves were
reported along the western Lake Superior shorelirtee waves caused considerable beach erosiontindmations.

The extended period of strong winds even affedtedmater level in Saginaw Bay. By the morning ofvBmber 11, the winds had pushed so much wateéntut
Lake Huron that the water level on Saginaw Baydso#d out 50” below chart datum — over 5 feet belosvrecent average. The temporary loss of oveebdf
water in the shallow bay exposed up to one-halhefbay bed, which briefly became dry land durimg $torm. As the wind died down later in the dhg, water
level rose again to its more normal level. Coieaitlly, this storm system occurred on the annargrsf the storm system that had sunk the freigatenund
Fitzgerald in Lake Superior in 1975.
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May 17, 1999 — Central and Southern Lower Michigan

On May 17, 1999 a strong storm system raced throegtral and southern Lower Michigan, bringing witeevere winds, heavy rain, and large hail. Wgndts

of 60-70 miles per hour downed numerous trees amekplines, leaving 150,000 homes and businesst®utipower. Peak wind gusts of 115 miles per hour
were recorded near Wyoming, Lansing, and BattleekcreA wind gust caused a home under constructiarolapse in Wyoming, killing one person and imgr
another. In Lansing, utility poles along |-496,lbto withstand 100 mile per hour winds, were goeg off like twigs, closing parts of the freeway 6 hours
and causing rush hour traffic tie-ups. Responskranovery costs for Lansing city agencies (inalgdthe municipal power company) were pegged at $1.5
million.

July 4-5, 1999 — Several Northern States

The Boundary Waters-Canadian Derecho, also comnuatigd the BoundarWaters Blowdown, was an international Derecho titaurred during the afternoon
and evening hours of July 4 and the early morniogré of July 5, 1999. It was classified as a pesgive Derecho and it traveled over 1300 miles2im@urs
through Minnesota, Wisconsin, Michigan, Ontario,eQec and Maine. There was also a tremendous arpblightning associated with this Derecho, around
6,000 lightning strikes per hour. This event was of the northernmost progressive Derechos to baee been recorded. It caused $100 million in dmna
killed 2 people and injured 70. Over 700,000 hoaras businesses lost power from the event.

July 24-25 and 31, 1999 — Southern Lower Michigan

During the last two weekends of July 1999, a sevfesevere thunderstorms, fueled by high tempegatand extreme humidity, moved across southern tLowe
Michigan. The storms produced strong wind gustsirteted at 60-70 miles per hour), heavy rainaill hail in some areas. Most of the damage caunséue
wind involved downed trees and power lines. Altofa430,000 electrical customers were left withpotver after the two weekend storms, many for ntioae

24 hours. Unfortunately, the outages occurred taha when temperatures were soaring past 90 degnee humidity was unbearably high. Many electrica
customers lost large amounts of perishable focgptilage. Restoration efforts after the July 2%t were further complicated when another seffiesooms
struck on the 28 forcing utility crews to temporarily halt theiestoration efforts. Damage to homes, business#sicles, and boats was reported in southeast
Michigan and the Saginaw Bay area. In Detroitvigeainfall flooded freeway underpasses with upvio feet of water, while golf ball sized hail waported in
Kawkawlin, Bay City, Zilwaukee, Goodrich, and Sdigld.

May 9, 2000 — Southeast Michigan

During the afternoon and evening hours of May @@@&n outbreak of severe thunderstorms (with widging to 70 miles per hour) struck southeastidian,
causing considerable damage across the region. stoh@ front produced a combination of straigheliminds and some reported tornadoes, accompanied by
large, damaging hail in many locations. In LenaWeenty, strong winds destroyed several barnspélipover a mobile home and recreational vehiclesed
numerous trees to fall on homes, destroyed grais, lind destroyed one airport hangar and damagedthers. In Monroe County, dozens of trees werengd

and a railroad depot was destroyed. In Washtenauwn(@, hundreds of trees were downed and a churdraayrocery store were damaged. In Wayne Coanty,
hangar at Detroit Metropolitan Airport collapse@nthging the plane inside. Numerous other localitwthin Wayne County suffered damage to homes and
businesses. All totaled, the storms left more th@®,000 electrical customers without power, injuag least six persons, and caused several milaiars in
property damage.

October 24, 2001 — Southern Lower Michigan

On October 24, 2001, much of Michigan began expeigy severe weather as the result of a strong fcofd colliding with warm, moist air. The reswitas
widespread strong winds (in excess of 50 mileshperr) and severe weather throughout the statepduticularly so in southern Lower Michigan whereese
thunderstorm warnings were issued for 13 countied, tornado warnings were issued for seven counfMdthough numerous funnel clouds were sightedssr
the region, only two actually touched down — orfeaing Livingston and Oakland Counties along anife path, and the other affecting Saginaw Couriftiie
vast majority of the damage produced by this steystem was from straight-line winds, the strongéswvhich were reported in Lansing and estimated 24
miles per hour.

Region-wide, the storms killed two persons andréguat least 20 others, caused extensive floodirgams and streets, downed thousands of treepandr
lines (leaving 195,000 electrical customers withpatver), closed schools and businesses, and danmgetieds of cars, homes and businesses, and public
buildings. The areas most heavily impacted by stism system included the counties of Berrien,sCaad Kalamazoo, and the cities of Lansing and Eas
Lansing. A Governor’s Disaster Declaration waséssfor Kalamazoo County to provide supplementiksassistance for debris removal and cleanup.

July 31-August 2, 2002 — Central Michigan and Ugdpeninsula

During the last day in July, severe weather hittreégriMiichigan and the Upper Peninsula. The NatiaWaather Service issued tornado warnings for seven
counties in central Michigan. Funnel clouds wegorted along a 120-mile stretch extending from &l@City to Onaway. Golf ball-size hail fell in &naba
and thunderstorms soaked Houghton with 1.25” of iraia two-hour period. About 14,000 Upper Penm$&tower Company customers lost electricity foresal/
days due to 70 mile per hour winds that toppledstrand power lines in the western Upper Penins8tame Houghton customers were blacked out when high
winds tore the metal roof off a Frito-Lay warehoasel it sliced through nearby power lines. Froresday night through midday Thursday, the Nationabter
Service issued 44 severe weather warnings for waiparts of the Upper Peninsula.

May 11, 2003 — Southeast Michigan

A strong cold front moved through the Great Lakegion during the morning of the May 11, 2003. Wingsts of 55 to 60 mph were estimated across much of
Wayne and Washtenaw counties. The rest of Sourealstichigan generally had estimated wind gustdsfo 50 mph. The winds caused several trees t@ blo
down across the area and several thousand homesuaimesses across the area to lose power. Thegstiods were also blamed for a hydrochloric aeiakl
from a plant in Ypsilanti. Investigators concludbdt the high winds ripped a chunk of the plardtsf foose, smashing it into a distribution pipe,iathcaused
roughly 100 gallons of acid to leak out.

July 4-6, 2003 — Southern Lower Michigan

A line of thunderstorms that developed over Wisaonsade its way across Lake Michigan over the ledejgnce Day weekend, bringing wind gusts of maaa th
60 miles per hour, knocking down trees and leaviigge than 200,000 customers without electricitypyw®r went out during one of the warmest weeks ef th
summer, causing many citizens to lose large amafrgerishable foods. In Brighton Township, resitdeof a subdivision were without running water $ereral
days because they relied on electricity to opevathls. A small stretch of beaches in southwesthigjan turned deadly over the weekend, as 10 swisimer
drowned from the storm-powered undercurrents. @Wn4] more swimmers drowned in one day than dralveummer, on average, in southwest Michigan.eNin
fatal car accidents also occurred over the holidegkend due to the severe weather.

August 1, 2003 — Southern Lower Michigan

Severe thunderstorms and winds up to 77 miles per swept through southern Lower Michigan on Audus2003, killing two persons. One man was killed
while he was walking when high winds snapped dffea limb, hitting him on the head. A woman wasnmunced dead at a local hospital after being lstiyc
lightning. A young boy survived a lightning strikee same day. The high winds caused about 12&l@@frical customers to lose power - most of whad i
restored within a couple of days.

November 11, 2003 — Southeast Lower Michigan

Wind gusts up to 74 miles per hour knocked dowesti@nd power lines, causing a loss of power foerttzein 370,000 electrical customers in southeashilytn.
The harsh weather conditions forced many schotiictis to cancel classes. A live power line fali@ss eastbound Interstate 94 near Monroe, fottieaglosure
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of the highway and causing a major traffic jam ri2atroit Metropolitan Airport. Detroit's Departmieof Public Works received 73 telephone calls répgrtrees
down and other damage.

November 6, 2005 — Southeast Michigan

On November 6, 2005 a deep and rapidly intensifistgm system moved through Southeast Lower Michidaring the morning. High winds along the
associated cold front knocked down trees, leadirepproximately 200,000 power outages. Winds westaied out of the southwest at 30 to 40 mph, gutts
as high as 60 mph from mid to late morning. Stsggits were toppled, traffic lights were sent spigniand power lines were split. Many streets amdisdad to
be temporarily closed until trees blocking the wauld be cleared. Property damage was estimatg4l 2amillion.

May 15, 2007 — Southern Lower Michigan

Severe thunderstorm winds affected many countidsveasured as high as 83 knots (at the Three Réiggert in St. Joseph County). Significant dansgere
caused at locations as diverse as Centreville, @atadt, North Aurelius, and Howell. One mile rfordf Essexville (Bay County), a power plant’s cetlcker
was reported as having been destroyed when itapgsed over by strong winds, with damages estimaté.5 million.

June 6, 2008 — Southern Lower Michigan

Numerous thunderstorms produced damaging windg ¢ 65 knots. The strongest winds were reportédosvell and Saginaw. The greatest damages octurre
in the Saginaw area, where 12,000 residents lestraity. Two miles north of Carrollton, dozenfstees were blown down, some knocking down pouvessl,
some falling onto houses, some blocking roads cerdfalling onto a car and injuring its two occugsanAn entire roof was blown off a commercial blinlg near
the intersection of Stevens and Hamilton.

June 8, 2008 — Southern Lower Michigan

A derecho swept across many counties in the sauthewer Peninsula, involving winds as high as 7#tkn(at Marine City). There were also tornadoes
associated with this system. Along with an estede#100 million in total damages, several casisitiere caused by the storm systems, and more thaaal
persons were without power for a week or more.s Tas the worst such wind event of the decade.uSdmuls of trees were lost, and great property damwag
caused as they toppled onto houses and cars. Omwest of Spring Lake, a car was struck by a whée it was being driven, killing the driver ainguring the
passenger. A pedestrian was also killed by anfaltree, a mile southeast of Harrisburg. Numemmser lines were down, and boats were overturnetien
water.

August 9, 2009 — Ottawa and Kent Counties

On August 9, 2009 severe thunderstorms developed@©ttawa and Kent Counties, resulting in hurglafdrees being blown down and numerous utilitiepo
and wires taken down by 60 to 80 mph winds. Fruttpmok the brunt of the storm, with wind gusts76fto 80 mph lasting for about 10 minutes. Numetmses
were heavily damaged by falling trees. Significdaimage to apple orchards occurred west of Spaasirm complex also produced an EF-0 tornado 3fath
miles long, and up to 9 miles wide.

July 18, 2010 — Kent County

On July 18, 2010 a NWS storm survey team concltldatla series of wet micro bursts across southwegtent County had produced wind gusts ranging f&@m
up to 80 mph, brought down several trees and pbmes in the Wyoming and Cutlerville areas, anpipiéd over and destroyed 8 wood and metal sheastare
near Cutlerville. A tornado damaged a home andékuprooted several trees just northeast of Walyla roof was lifted off of a garage in Wyomingslaed
was destroyed, and some structural damage ocdar@te home, due to wind gusts estimated to beuas s 80 mph.

May 29, 2011 — Mid-Michigan (Calhoun, Kalamazootdfa and Ingham Counties)

Severe thunderstorms resulted in straight-line winflup to 85 to 100 mph, causing extensive dana@gess multiple counties. A state of emergency was
declared for Calhoun County due to widespread wiachage. Nearly 40,000 people across Calhoun Cdwaayost power due to wind and lightning damage.
While no lives were lost, over 600 properties weaenaged and 76 homes and 4 businesses in the Betté area were destroyed. The total damage ésma
were over $29M, approximately $25M of which wa<ialhoun County.

July 11, 2011 — Western Michigan (Kent, Ottawa, Kathmazoo Counties)

Two separate bow echoes moved across the westerer I[Reninsula on July 11, producing numerous reprvind damage. The first bow echo moved onshore
north of Muskegon shortly after daybreak. The sdg¢anore destructive bow echo raced east from northnois across far southern Lake Michigan and
southern lower Michigan, resulting in numerous repof downed trees and power lines. One persdrhisdife in Cutlerville when a tree fell in thegge he
was in. Wind gusts up to 80mph were reported aadtbrm resulted in approximately $8M damage—mastient County ($5M) but also in Ottawa ($2M) and
Kalamazoo County ($1M).

January 19th, 2013 — Southeast Michigan

An intense Arctic Front swept through southeastHigian around Midnight of January 19th, with westerinds gusting as high as 60 mph across mucheof th
area during the early morning hours of January.ZDtkes and power lines were downed across individounties, leading to power outages in exced20f000
DTE customers during the peak of the winds. Thenst@sulted in more than $7.5M damage across 7tiesyincluding $2M in Wayne County, $1.5M each in
Oakland and Macomb Counties, and $1M each in Tastbiron, Genesee, and St. Clair.

Programs and I nitiatives

Note: Many of the programs and initiatives deseyi@ mitigate, prepare for, respond to, and recdsen tornado
effects have the dual purpose of also protectirmgnag severe straight-line winds. As a resultrehg some overlap in
the narrative programs and initiatives descriptitorseach respective hazard. This redundancy alleach hazard
section to stand alone, eliminating the need terref other hazard sections for basic information.

National Weather Service Doppler Radar

The National Weather Service (NWS) has completethppr modernization program designed to improvecthaity
and reliability of weather forecasting. The keysoof this improvement is Doppler Weather Survedl Radar,
which can more easily detect severe weather evhatsthreaten life and property — including sewsmeds. Most
important, the lead time and specificity of warrsrigr severe weather have improved significantly.

Doppler technology calculates both the speed amadlittection of motion of severe storms. By prowgldata on the
wind patterns within developing storms, the neweysallows forecasters to better identify the ctiads leading to
severe weather such as tornadoes and severe stiagglvinds. This allows early detection of theeqursors to
severe storms, as well as information on the doecnd speed of storms once they form.
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National Weather Service Watches/Warnings

The National Weather Service issues severe thutodersvatches for areas where the meteorologicatlitons are
conducive to the development of severe thunderstorf@eople in the watch area are instructed to tstagd to
National Oceanic and Atmospheric Administration (\NX) weather radio and local radio or televisiontistas for
weather updates, and watch for developing stor@sce radar or a trained Skywarn spotter detectextstence of a
severe thunderstorm, the National Weather Servitleisgue a severe thunderstorm warning. The vwarnill
identify where the storm is located, the directiorwhich it is moving, and the time frame duringiefhthe storm is
expected to be in the area. Persons in the waarggare instructed to seek shelter immediately.

The State and local government agencies are watinetie Law Enforcement Information Network (LEINJOAA
weather radio, and the Emergency Managers Weatifi@miation Network (EMWIN). Public warning is prioed
through the Emergency Alert System (EAS). The d&feti Weather Service stations in Michigan transnfidrmation
directly to radio and television stations, whichunn pass the warning on to the public. The Neti®Weather Service
also provides detailed warning information on thieinet atvwww.weather.goywhere an interactive map can be used.

Public Warning Systems

Numerous communities in Michigan have outdoor wagrsiren systems in place to warn the public abopending
tornadoes and other hazards. Most of these systemes originally purchased to warn residents ofielear attack,
but that purpose was expanded to include sever¢herehazards as well. These systems can be visgtieé at
saving lives in densely populated areas whereitha s/arning tone is most audible. In more spgrpepulated areas
where warning sirens are not as effective, comriamiaire turning to NOAA weather alert warning sgseto
supplement or supplant outdoor warning siren systenfortunately, a large number of communitie®sg the state
do not have adequate public warning systems ineptacwarn their residents of severe weather orrdtlazards.
Federal funding specifically allocated to assishownities in the purchase of public warning systéas effectively
disappeared, leaving many communities unable toh@ase adequate systems to warn their residentsp#Ending
danger.

Attempting to fill some of that funding void, théa® of Michigan has used federal Hazard Mitigatérant Program
(HMGP) funds to assist local communities in puramgpublic warning systems. To date, HMGP fundgehbeen
used to purchase and install more than 80 outd@wning sirens, over 1,000 NOAA weather alert mansitfor
schools, hospitals and places of public assemblyr NOAA weather radio transmitters, and severakeptearly
warning systems. Communities that received fundorgthese projects were encouraged to implemewgaiing
education program to ensure that residents knowt techdo once they receive warning of an impendiagandous
event. Because HMGP funds must be used to funide wariety of mitigation projects, the amount offls available
to fund warning systems is limited to a small patage of the overall available grant funds allodatethe state. The
HMGP funds are provided on a 75% federal, 25% |@wat share. A Presidential major disaster demtaras
required to activate the HMGP funding. As a reghke funding stream may not always be availabliéénfuture. In
addition, state mitigation priorities may changeiotime, putting public warning systems at a lopeority than other
mitigation projects. However, the HMGP does prevat least one possible avenue for assisting comiesirn
enhancing their local public warning capability.

Severe Weather Awareness Week

Each spring, the Emergency Management and Hom@&aadrity Division, Department of State Police, amjcinction

with the Michigan Committee for Severe Weather Aevarss, sponsors Severe Weather Awareness Weels Thi
annual public information and education campaigiuées on severe weather events such as tornakdoedetstorms,
lightning, hail, flooding and high winds. Infornatal materials on severe winds and other weatheards are
disseminated to schools, hospitals, nursing howtbgr interested community groups and facilitias] ¢he general
public.

Manufactured Home Anchoring
Manufactured homes are vulnerable to wind damadleely are not properly anchored down. As a resuthajor
national effort has been initiated to encouragestinectural anchoring or “tie down” of manufacturedmes. The
Michigan Manufactured Housing Commission Adminis#@ Rules (R 125.1602, Subsection 5) require new
manufactured home installations in floodplains ¢oskructurally anchored to a foundation. Through tequirement,
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the possibility of damage from wind is minimizedinfortunately, structures outside designated fldamidp do not
have to comply with the anchoring provision, althbunany owners choose to comply voluntarily. Ibdd also be
noted that local communities have the option ofpdidg an ordinance that requires anchoring of mactufed home
installations located outside a designated floadpl&tate anchoring system standards are outlimédiministrative
Rules R 125.1605 through R 125.1608.

Electrical Infrastructure Reliability

One of the major problems associated with severglsvis the loss of electric power. As mentioneevigusly,
Michigan has had numerous widespread and sevectiedd power outages caused by severe winds, everal of
those outages have resulted in upwards of 500 J@g@rieal customers (more than 5% of the Statefsupation) being
without power for several hours to several days dime. Wind-related damage to electric powerlifaes and
systems is a concern that is being actively addcebg utility companies across the state. DeEdison, Consumers
Energy and other major electric utility companieséd active, ongoing programs to improve systenabgity and
protect facilities from damage by severe winds ather hazards. Typically, these programs focugrionming trees
to prevent the encroachment of overhead linesngtinening vulnerable system components, proteaingpment
from lightning strikes, and placing new distributtitines underground. The Michigan Public Serviaam@hission
(MPSC) monitors power system reliability to helmimiize the scope and duration of power outages.

Structural Bracing and Wind Engineering

One of the best ways to protect buildings from sewdnd damage is to install structural bracing aredal connectors
(commonly called hurricane clips) at critical coatireg points in the frame of the structure. Typigathis involves
adding extra gable end bracing at each end oftthetgre, anchoring the roof rafters to the walihwnetal connector
straps, and properly anchoring the walls and &llepto the foundation. This extra bracing helpsuee that the roof
stays on the structure, and the structure staylsoaed on its foundation. Experience in high winergs has shown
that once the roof begins to peel away from thdsyal the building begins to move off its foundatidue to extreme
lateral wind forces, major structural damage occlfrthe damage continues unabated, the buildamgend up being a
total loss.

Urban Forestry and Tree Maintenance Programs

Urban forestry programs can be very effective inimizing storm damage caused by falling treesew tranches. In
almost every severe wind event, falling trees amah¢hes cause power outages and clog public roadwidly debris.

However, a properly designed, managed and implesdeamtban forestry program can help keep tree-gbldéenage
and impact to a minimum. To be most effective,uglpan forestry program should address tree maintenan a

comprehensive manner, from proper tree selectioprdper placement, to proper tree trimming angterm care.

Every power company in Michigan has a tree trimnpnggram, and numerous local communities have ggpe of
tree maintenance program. The electrical utiligettrimming programs are aimed at preventing eatnment of
trees and tree limbs within power line rights-ofywaTypically, professional tree management comgsaiaind utility
work crews perform the trimming operations. At tbeal government level, only a handful of Michiggsmmunities
have actual urban forestry departments or agenciesther, crews from the public works agency orntpuoad
commission perform the bulk of the tree trimmingrkvo

When proper pruning methods are employed, and whemvork is done on a regular basis with the aimedfcing
potential storm-related damage, these programbeajuite effective. Often, however, tree trimmingrk is deferred
when budgets get tight or other work is deemedghdhri priority. When that occurs, the problem usuadanifests
itself in greater storm-related tree debris managgmroblems down the line.

Mitigation Alternativesfor Severe Winds

» Increased coverage and use of NOAA Weather Radio.

= Public early warning systems and networks.

= Tree trimming and maintenance to prevent limb bagekand safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

= Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerab
and costs in case of breakage, due to the increffiedlty in locating and repairing the problem.)
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= Using appropriate wind engineering measures andtaartion techniques (e.g. structural bracing,pstrand
clips, anchor bolts, laminated or impact-resisiglass, reinforced entry and garage doors, windoutteis,
waterproof adhesive sealing strips, and interlagkimof shingles) to strengthen public and privdtactures
against severe wind damage.

» Proper anchoring of manufactured homes and extsttioctures such as carports and porches.

= Construction of concrete safe rooms in homes aptteshareas in mobile home parks, fairgrounds, gimgp
malls, or other vulnerable public areas.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astieccur through local activities, this updated MPiMlaces
additional emphasis on the coordination of Statellelanning and initiatives with those taking pdaat the local
level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of severe winds), and
2. The consideration of information containedbical hazard mitigation plans when developing &tat

plans and mitigation priorities.

Regarding the first type of State-local planningrcination, the information immediately followingqvides advice
regarding the severe wind hazard to offer guidandecal planners, officials, and emergency managétr has been
adapted from the February 2003 “Local Hazard Mitwa Planning Workbook” (EMD-PUB 207). For the sad
type of State-local planning coordination, a settiollows that summarizes severe wind informatignitahas been
reported in local hazard mitigation plans. Forri@flsummary of wind-related information from thesction of this
plan, it will here be noted that severe winds widentified as one of the most significant hazamdocal hazard
mitigation plans for the following counties: Algekllegan, Antrim, Arenac, Benzie, Berrien, Bran€talhoun, Cass,
Charlevoix, Clare, Crawford, Delta, Dickinson, Bateemmet, Genesee, Grand Traverse, Gratiot, Hungham,
Isabella, Kalkaska, Kent, Keweenaw, Lake, Lape@elanau, Lenawee, Livingston, Mackinac, Macomb, dfias
Midland, Missaukee, Monroe, Muskegon, Newaygo, @adt] Oceana, Ogemaw, Oscoda, Ottawa, Presque Isle,
Roscommon, Saginaw, Shiawassee, Tuscola, Van Blfashtenaw, Wayne, Wexford (52 counties).
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Tornadoes
An intense rotating column of wind that extends from the base of a severe thunderstorm to the ground.

Hazard Description

Tornadoes are rapidly rotating columns of air tham most often in some severe thunderstorms during
Michigan’s warm months. Tornadoes are high-profitezards that can cause catastrophic damage &r @ith
limited or an extensive area. A tornado can hawelsvin excess of 300 miles per hour and can hagthsvover
one mile. The deaths and injuries associated tartitadoes have declined since the 1950s, tharkdvances in
severe weather forecasting and technology impromésndut tornadoes can still be deadly killers.thaiigh
tornado deaths have decreased, tornado damagesirtagased in recent years, since a larger pathef
country’s land area contains developments with @adsing year.

There can be wide sections of a community completestroyed by one or more tornadoes. Neighborhoad
be reduced to piles of splintered trees and hoar&s a junkyard of twisted metal objects. A stremgado can
level everything in its path. Communities needbt prepared for the possibility of having many dents
without homes, areas with no power or phone linesgries of burst pipes, and a gigantic amountoafden and
metallic debris to clean up (in patterns that anh lscattered and concentrated).

It should be kept in mind that winds are invisiblgil they pick up a sufficient amount of matertiaét can allows
their patterns to be seen, and it is this carriedenal that provides a tornado with a visible faimt is easy to
recognize. Funnel clouds can be invisible exceptttie liquid, dust, and debris that they carryherefore, a
tornado can be present but not yet discernableaoby persons. This is one reason why tornadoimgsmeed
to be taken seriously. A tornado’s initial presemgight only be directly observed by its effect®mphings at
ground level, with the main funnel cloud visiblyrficing only after enough material has been swegdtram the
ground. Many persons have placed themselveslabyigiot realizing that tornadoes do not alwayseappn
their classic, fully visible form. That classicrilly visible form is merely the one that is mossigadiscernable
in photographs, and is therefore the form that @éstnmwidely recognized from such photographs anaovid
Moreover, tornadoes often reach beyond existingibleis funnels (and multiple tornadoes can form
simultaneously).

Hazard Analysis

Tornadoes in Michigan are most frequent in thergpand early summer when warm, moist air from tidf Gf

Mexico collides with cold air from the polar reg#®to generate severe thunderstorms. These thumessoften
produce the violently rotating columns of wind knmows funnel clouds. Winds that converge from déffie
directions, heights, or at different speeds aresthece of the spinning pattern that gets conceatras distinct
funnels of wind. Michigan lies at the northeastedge of the nation's primary tornado belt, whigteeds from
Texas and Oklahoma through Missouri, lllinois, btk, and Ohio. Most of a tornado's destructiveefds
exerted by the powerful winds that knock down waligd lift roofs from buildings in the storm's patfihe
violently rotating winds then carry debris alofathcan be blown through the air as dangerous resssivhich
provides the other mechanism by which tornadoesaagse such severe destruction.

A tornado may have winds of over 200 miles per hand this is the source of their destructive pow&though
a tornado may have an interior air pressure tha®i20% below that of the surrounding atmosphée effect of
this difference is insignificant compared with floece directly applied by the winds. (The old béthat opening
windows to equalize air pressure was a misguidedhanmful one—closer analysis of filmed images dathage
patterns has since revealed that it is the forceindls that lift eaves and break down walls whigluses some
structures to appear to implode or explode unddiresct tornado strike.) The typical length of ando path is
approximately 16 miles, but tracks much longer ttiat — even up to 200 miles — have been reporfeninado
path widths are generally less than one-quartez mitle. Typically, tornadoes last only a few mewibn the
ground, but those few minutes can result in trernaaddamage and devastation. Historically, tornadaere
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resulted in tremendous loss of life, with the meational annual death toll being 87 persons. Rtpmamage
from tornadoes is in the hundreds of millions oflats every year.

Tornado intensity is measured on the EnhancedaF8jitile, which examines the damage caused by adtmon
homes, commercial buildings, and other man-madetstres. The Enhanced Fujita Scale rates thedityeof a
tornado based on damaged caused, not by its #ize.important to remember that the size of a @aolmis not
necessarily an indication of its intensity. Latgenadoes can be weak, and small tornadoes camtimmely
strong, and vice versa. It is very difficult todfge the intensity and power of a tornado whilesibtcurring.
Generally, that can only be done after the torraa® passed, using the Enhanced Fujita Scale asehsuring
stick. The Enhanced Fujita Scale is presenteldridllowing table.

Although tornadoes are most commonly reported b&tw@&pm and 9pm, they can occur at any time.

Although they generally exist at the trailing edgea thunderstorm, it is possible for them to bespnt
in other locations and less readily recognized inagpatterns.

The Enhanced Fujita Scale of Tornado Intensity

EF-Scale Intensity Wind Speed Type/Intensity of Damage

Number  Descriptor (mph)

65-85 Light damage. Some damage to chimneys; break<Hearoff trees; pushes ove
shallow-rooted trees; damages sign boards.
EFO Gale tornado

=

EF1 Weak tornado 86-110 Moderate damage. The lower limit is the beginrofigurricane wind speed; pee|
surface off roofs; mobile homes pushed off fourafti or overturned; movin
autos pushed off the roads; attached garages magsheyed.

EF2 Strong tornado 111-135 Considerable damage. Roofs torn off frame houseshile homes demolished;
boxcars pushed over; large trees snapped or uprodight object missiles
generated.

EF3 Severe tornado 136-165 Severe damage. Roof and some walls torn off weiktructed houses; train
overturned; most trees in forest uprooted; heavy liffed off ground and thrown.
EF4 Devastating tornado 166-200 Devastating damage. Well-constructed houses ldvedtructures with weak
foundations blown off some distance; cars throwth lange missiles generated.
EF5 Incredible tornado Over 200 Incredible damage. Strong frame houses lifted fofindations and carried
considerable distances to disintegrate; automaiiiled missiles fly through the a|
in excess of 100 meters; trees debarked; stedbre@u concrete structures badly
damaged,; incredible phenomena will occur.
NOTE: When describing tornadoes, meteorologigenoflassify the storms as follows:

EFO0 and EF1 = weak tornado; EF2 and EF3 = strom@atio; EF4 and EF5 = violent tornado

7]

"

=

(Source: The Tornado Project; Storm Data, Nati@imhatic Data Center)

According to the National Weather Service (NWS)cei 1950 the vast majority of tornadoes that oeclim the
United States (approximately 74%) were classifiedv@ak tornadoes (EFO or EF1 intensity). Approxatya
24% were classified as strong tornadoes (EF2 oritEfsity), and only 3% were classified as violemhadoes
(EF4 or EF5 intensity). Unfortunately, those vidléornadoes, while few in number, caused about 65%l
tornado-related deaths nationally. Strong tornadaounted for another 33% of tornado-relatedhdeathile
weak tornadoes caused only 1% of tornado-relatathde If the data prior to 1950 is examined, theegntage of
deaths attributable to violent tornadoes climbstitally. That is largely due to the fact thatniado forecasting
and awareness programs were not yet establisheda r&sult, it was much more likely for death tditsm a
single tornado to reach several hundred.

Maps and tables at the end of this section showrtakdown of tornadoes by county for the perioinfrll950 to
2009, and also for the more recent period from 193013. An examination of the map and tablegatds that
tornadoes occur more frequently in the southerhdfahe Lower Peninsula than any other area okthge. This
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area could be referred to as Michigan's "tornadiy dl Most tornadoes in Michigan come from the thowest
and travel northeast, with many passing throughrbst densely populated areas of the state.

Records indicate that tornadoes in Michigan hawnlmore deadly than in many other tornado-prortesstePart
of that is influenced by the high death toll asated with the June 8, 1953 and April 11, 1965 tdoes.
However, part is also due to the fact that seveyatadoes have hit relatively densely populatechsaref
Michigan, increasing the fatalities. As for whéiwde deaths occurred, the table below provideod pulicator,
based upon about 55 years of events, and revesl9@ko of the state’s tornado-related deaths hawarped in
the months of April, May and June. June has be@hilyhn's most deadly tornado month, with 54% of al
deaths. If the June 8, 1953 tornado death talll&f people is excluded, April becomes the most lgdadhado
month with 77 deaths (32% of the total). Note th&rnado can sometimes appear during winter nsonth

Tornado-Related Deaths in Michigan, by Month: 1950viay 2005

JAN FEB MAR APR MAY JUNE | JULY AUG | SEPT OCT | NOV DEC | TOTAL

0 0 3 77 23 130 3 1 1 0 1 0 239

Source: National Climatic Data Center

In Michigan, tornadic activity is a real threatpth were 954 tornadoes reported from 1950 to 2dtere have
been 239 related deaths, but fewer than 10% ottbesurred after 1980, probably due to improvedninar
systems and public knowledge of the threats. Aigfhothere have been fewer deaths and injuries titgcen
property damages have remained very heavy, thoogleansistently predictable. As recent tornadones/én
Joplin, MO (2011) and Norman, OK (2013) showedsistill possible to have a destructive tornadedtly
impact urbanized areas, as had occurred in Micksgaorst 1953 event.

The geographic risk for tornadoes in Michigan isdeeater in the southern half of the state thatménorthern
half. All counties south of Kent and Genesee Cesnhave had at least 14 tornadoes touch downeim th
boundaries from 1950-2009 (with the exception ofJ8seph County, having only 9 tornadoes). GengkBe
Lenawee, Kent and Oakland Counties (31 each) hadetlme highest total of tornadoes in the state. eWh
adjusting for the size of the county, the highésit-counties on a per-land area basis becomes €er{&6.5
tornadoes per 10,000 square miles), Monroe (8n8) lagham and Berrien (8.0 each). North of Flimd &rand
Rapids, only Saginaw County has had a relativeij laccurrence of tornadoes, with 21. The extreméham
portion of the Lower Peninsula and the Upper Pehneverall have a lower risk of tornadoes, withcalunties
having 11 or fewer tornadoes (although Alpena agdriaw had 14) over the 60-year time span. Neuedse
the tornado impact can be disastrous for any Marigounty. Oscoda County, which has a relatively |
frequency of tornadoes, suffered devastating darfragea tornado strike at the town of Comins, 999

Although tornadoes technically cannot be preventedfained, or completely predicted, their poténtrgpacts

on Michigan’s citizens and communities can certaird reduced. In general, improved surveillanagwaarning
systems implemented by the National Weather Seraitgd emergency management agencies, coupled with
extensive public education campaigns, have beepn eféective in keeping the death toll down in reicgears.
However, this is not to say that a major deathdollld not occur again if a strong tornado shotides a highly
populated area. History has clearly shown thatadoes must always be treated with the utmost cesel
caution. Other initiatives, such as structurachrg, urban forestry practices, manufactured honuharing, and
strengthening electrical system components, cgmntbaleduce public and private property damage.

Like severe straight-line wind events, tornado sts require that communities plan and prepar¢himass
care of residents left without electrical power &nel clearance and disposal of tree and construdadris from
roadways. Those are the two primary challengasdddichigan communities. The planning and pregaess
effort should include the identification of necagsmass care facilities and supplies, as well dgiseemoval
equipment and services. In addition, communitresukl develop debris management procedures (tadedhe
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identification of multiple debris storage, procegsand disposal sites) so that the debris streanbedandled in
the most expedient, efficient, and environmentsdife manner possible.

National Weather Service data indicates that Mighitpas experienced 923 tornadoes and 242 relatgtisde
during the period from 1950 to 2009, an averagd®otornadoes and 4 tornado-related deaths per yEae.
greatest number of tornadoes per year during teabg occurred in 1974, with 39 tornadoes (8 of alhi
occurred on April 3). The least number occurred 99, with only 2 tornadoes. From 1950 to Mar€0=,
Michigan experienced 508 “tornado days” (defineddags in which tornadoes are observed), an avesh@e
days per year.

The map and table at the end of this sectionHistniumber of tornadoes experienced in each Michiganty for
the period 1950-2009. (Note: these totals do wotect for boundary-crossing tornadoes; therefargrnado
that crosses a county boundary will be “double ¢edihin the totals for each county.)

All counties south of Kent and Genesee Countie® liead at least 14 tornadoes touch down in theindetes
from 1950-2009 (with the exception of St. Joseplur@p, having only 9 tornadoes). Genesee (41), Wwera
Kent and Oakland Counties (31 each) have had teeht total of tornadoes in the state. When admsor the
size of the county, the highest-risk counties grealand area basis become Genesee (10.5 tornpdoé®,000
square miles), Monroe (8.4), and Ingham and Bel(@® each). North of Flint and Grand Rapids, dd&ginaw
County has had a relatively high occurrence ofadoes, with 21. The extreme northern portion ofltbever
Peninsula and the Upper Peninsula overall havevarloisk of tornadoes, with almost all countiesihgvll or
fewer tornadoes (although Alpena and Ogemaw haddid) the 60-year time span. Nevertheless, theattr
impact can be disastrous for any Michigan county.

In terms of intensity, Michigan’s tornado experiersince 1950 has essentially mirrored the natierpérience.
Approximately 67% of all Michigan tornadoes havemeveak tornadoes (EFO or EF1 intensity), while 2&2%e
been strong tornadoes (EF2 or EF3 intensity) andnd¥%e been classified as violent tornadoes (EFERY
intensity). However, those few violent tornadoesébeen responsible for 88% of Michigan’s torneslated
deaths. Strong tornadoes (EF2 or EF3 intensityg ls@counted for approximately 11% of the deatlmslewveak
tornadoes (EFO or EF1 intensity) have caused o#yot all tornado-related deaths. Those patterasfairly
consistent with the national averages, although hiden has had more strong and violent tornadoes
(approximately 33% in Michigan vs. 27% nationallghd its death toll from violent tornadoes is dligthigher
than the national average (67% in Michigan vs. 6&&tonally). Michigan’s higher than average deathfrom
violent tornadoes is largely due to the tragic retavents that occurred in Flint in 1953 and acsmmsthern
Michigan in 1965 (see the Significant Tornadoegisedor more details). Unfortunately, Michigarnternado
experience to date has been more deadly than iy pther tornado-prone states across the countnghilyan’s
tornado events have earned it a top ten rankinthrige national tornado statistical categories:s{ayle killer
tornadoes, (2) deaths per 10,000 square milegRArller tornadoes as a percent of all tornadoes.

Killer Tornadoes: Selected Top Ten Lists

Rank Single Killer Tornadoes Tornado Deaths Per | Killer Tornadoes as %
(Date, State, # Deaths, F-Scale) 10,000 Sqg. Miles of all Tornadoes

1 March 18, 1925, MO-IL-IN, 695 deaths, F5 Massaeitis Tennessee

2 May 7, 1840, LA-MS, 317 deaths, F? Mississippi ntGeky

3 May 27, 1896, MO-IL, 255 deaths, F4 Indiana Arkas

4 April 5, 1936, MS, 216 deaths, F5 Alabama Ohio

5 April 6, 1936, GA, 203 deaths, F4 Ohio Alabama

6 April 9, 1947, TX-OK-KS, 181 deaths, F5 Michigan Mississippi

7 May 22, 2011, MO, 158 deaths, F5 Arkansas Northol@ar

8 April 24, 1908, LA-MS, 143 deaths, F4 lllinois Michigan

9 June 12, 1899, WI, 117 deaths, F5 Oklahoma New York
Kentucky Massachusetts

Source: NOAAttp://www.spc.noaa.gov/fag/tornado/killers.htnilhe Tornado Project / National Weather Service
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Michigan's tornado death toll is significantly idéinced by two disasters: one in Flint on June B31Bat caused
115 deaths and $19 million in damage, and a sefiésrnadoes in southern Michigan on April 11, 198aIm

Sunday) that caused 53 deaths and $51 million inade. (See the tables below and on the followagep for

more information on these and other significanbaoloes in Michigan.) Fortunately, the trend oweethas

generally been toward a lesser number of tornadthde During the 1950s, 153 deaths occurred, whestotal

number of tornadoes recorded was 109. In the 19683 umber of deaths dropped to 66 although tineber of

tornadoes went up a bit, to 123. In the 1970spitkea whopping 251 tornadoes, only 8 deaths reguiind the
trend has stayed quite low ever since. The 1980s19 tornado deaths and 212 tornado events, but980s
saw only 2 deaths among 173 events. During th®<08 total of 3 deaths occurred, and the totallbunof

events numbered 160.

A list of tornadoes, by county, for the years 195 1995, can be found here:
http://www.tornadoproject.com/alltorns/mitorn.htwvhile a list of tornado events from 1996 to preésean be
obtained from this online database (the source of table at the end of this section):
https://www.ncdc.noaa.gov/stormevents/

Since 1996, Michigan has averaged about 16 torrsageeyear. An average of about 4 tornado deattica
injuries takes place each year, in Michigan (whsingi historical data back to 1950). Annual propeidmage
averages more than $19 million per year, based epents from 1996-2013. (NOTE: As with other weath
events, these figures are conservative, actudktata likely to be higher.) Higher-risk regiorisMichigan are
noted in the maps and tables at the end of thiSosec Personal and site vulnerabilities tend toyviay the
engineering of each particular type of structure.

Impact on the Public

Tornadoes are rightfully dreaded as the most sewénelstorms to which most of Michigan is vulnerable
Ordinary public activities must be curtailed in erdo avoid extreme danger of injury and deatheeitrom the
force of the winds themselves (which have the dpaxlift persons, heavy objects, or even struesuand throw
them great distances), or from the impact of objabfat are being thrown forcefully around by therrst
Sheltering needs are compounded by the dangeokébrand flying glass—to best ensure residentgtgait is
necessary to find the most secure area possibenvat structure or affected area. An undergrounsipecially
reinforced, window-free room is usually required gaarantee personal safety (sometimes at conslderab
economic expense). The effects of a strong tormaa disrupt normal community functions for sonmed;j or
even cause a small community to be practicallyrdgst. Tornadoes cause more annual injuries, enage,
than any other Michigan hazard except for strutfines.

Impact on Public Confidence in State Governance

When infrastructure failures occur, as from the aetpof tornadic winds, a question may be raisecubbte
adequacy of that infrastructure, its maintenanod, it design and regulation. For example, anmapan might
be made by some that the burying of power linesilshbe undertaken (or required by legislation), reifeit
involves considerable expense, whereas a full densiion of the tradeoffs involved in such burelg( greater
difficulty in locating and repairing a broken ling)ay not have been considered. In events thaireequass
sheltering, such as schools or large gatherings écounty fair or community-sponsored event), ahiity of
local and state government to adequately plan éoere weather is often vital to the success of suwants,
which themselves are often important for varioustas of the local and state economy. Citizenahgent and
media-exacerbated controversies have arisen fromatigins in which inadequate planning was evident,
provisions for public sheltering were inadequate.

Impact on Responders

Responders tend to be working outdoors in conditimom which most residents are taking shelterthé\gh
special training and safety precautions have uguadlen taken (e.g. for line-repair workers), nedwadss,
responders are more exposed to and at-risk fronintpbact of winds. Fortunately, tornado events temdbe

118
Natural Hazards — Weather (Tornadoes)



rather brief, but their unpredictability, and thélifficulty of detection and avoidance, exacerbates existing
challenges involved in emergency response. Imp&aéfet, power failures, debris, and road closus#en make
responses and the use of equipment much moreutiiffic

Impact on the Environment

Tornadoes are dangerous violent rotating columnsindls that can produce wind speeds from 73 to rtizaia
300 miles per hour, and can cause severe envirdaimgammage. Damage to the environment includesigjebr
fires, and chemicals from damaged and destroyedtates, vehicles, and infrastructure, which carsdsdtered
for miles. Building materials, chemicals, smokeyage, and machinery can land in and cause harrorésts,
valleys, streams, lakes, rivers, and wildlife speciAnimals (including domesticated livestock) awitier
organisms can be killed or injured in the evenadbrnado. Trees can easily be uprooted, branauderb off,
and entire woodlands can be destroyed by tornag@dta. Rural settings can be damaged and plantbea
carried to different parts of land for seeding vehtfrey otherwise would not have been. There isatsocreased
threat of fire in areas where dead trees are madvved in a timely matter.

The most dangerous type of environmental impactldvine when a tornado strikes a facility that camai
potentially hazardous or toxic materials, farm cluats, trash in a local landfill, medical waste &g disposal,
or radioactive materials. Not only can materialshbeead around the immediate site where the toretitkes, a
small (but important) fraction can be carried akofd transported a great distance down streamsess.r There
is also a possibility that tornadoes can causepinead of diseases, or fungi found in certain sddss lines can
also be ruptured and harm local air quality as aeltause environmental damage by seeping inteoiheivers,
lakes, and streams.

Climate Change Considerations

According to the National Oceanic and Atmospherittministration, there is no known way to predict e or
how climate change is affecting thunderstorm amdado frequency or severity. These types of weathients
involve a different scale of phenomenon than clenztiange, and models of the latter have not yet bbke to
predict local trends in the formdt{p://www.spc.noaa.gov/fag/tornaglo/

Significant Tornadoesin Michigan

May 25, 1896 — Oakland and Lapeer Counties

One of the mere handful of F5 intensity tornadonév@o be recorded in Michigan’s state historys tewvent resulted in 47 deaths and 100 injuriethes
communities of Ortonville, Oakwood, and North Oxfauffered from the touchdown of this monstrousrsto

June 5, 1905 — Sanilac and Tuscola Counties

This was the second of Michigan’s few recordedadpes that were measured as a full F5 intensigl.levive persons were killed and 40 were injured.

June 6, 1917 — Kalamazoo County
A deadly tornado struck the Climax and Cass Lakaswery hard, resulting in 4 deaths and 50 irgurie

March 28, 1920 — Genesee County

Another deadly tornado event, this time impactiegtén and Flint most heavily, caused 14 deaths.

May 21, 1953 — St. Clair County

Two persons were killed, and 68 injured, as andfdaido left a path 10 miles long and 1 mile widée total damage was estimated at $2.5 million.

June 8, 1953 — Flint (Genesee County)

The June 8, 1953 Flint tornado, Michigan’s worstrst to date (and classified as F5), is ranked d@tthe top ten list of single killer tornadoes thave
occurred in the United States. It was also thedamgle tornado, until the May 2011 Joplin, MO E#Bnado, to cause over 100 deaths in the U.S. The
storm began its destructive path approximately wles north of Flushing, moved east-northeast amdstated the north part of Flint before ending two
miles north of Lapeer. The tornado obliterated Bsmn both sides of Coldwater Road for about orie. niii was there that most of the deaths occlaret

the damage swath was over one-half mile wide. &hare multiple deaths in at least 20 families.e Tihal death toll stood at 115 in Flint alone,rejo
with 785 injuries and total damage estimated ati§il®on. Several tornadoes touched down in otbeations in Michigan on that day as well, resigtin

an additional six deaths and 129 injuries statewide

April 3, 1956 — Hudsonville/Standale (Ottawa andchKEounties)

In 1956, a category F5 tornado struck first at Hudle, then traveled northeast and plowed throbgth Ottawa and Kent Counties, killing 14 and
injuring 200. (Some sources cite 17 deaths andr§Qfies.) Over 700 homes were destroyed. Numseather tornadoes classified as F4 took theiotoll
other counties such as Manistee (2 killed, 24 egyrGrand Traverse, Benzie, and Allegan.

May 12, 1956 — Flint

Three persons were killed and 116 were injured @salt of an F4 tornado. On the same day, amiféado also touched down in Wayne County, injuring
22 persons.
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July 4, 1957 — Livingston and Oakland Counties
Six persons were injured in Livingston County, wienhtornadic activity took place around the dinneur. Oakland County was also impacted.
May 8, 1964 — Macomb County

Although numerous tornadoes occurred throughout_tiveer Peninsula on this date, the worst impact imaslacomb County, where 11 persons were
killed, 224 were injured, and an estimated $2.3ionilin property damage was caused.

April 11, 1965 - Southern and Central Michigan

The April 11, 1965 Palm Sunday tornado outbreakclvhffected many other states in the Midwest, &@articularly devastating impact on Michigan. As
the following table indicates, a total of 23 tornad touched down in 14 southern and central Mich@aunties, resulting in 53 fatalities, 798 injsriand
$51 million in damage to public and private propertMany of the tornadoes were rated F3 and Fhiensity (strong and violent tornadoes), which
undoubtedly contributed to the high death and jnjolls. Across the Midwest, this storm systemvaped 47 confirmed tornadoes that collectively kille
271, injured 3400, and caused an estimated $20mih property damage. In addition to Michigdhe other states that were affected by the storms
included Indiana, lllinois, Ohio and Wisconsin. éuaf the tragic Michigan impacts was at Manitou &@e¢Hillsdale-Lenawee County), where storms stuck
a church with many persons inside.

April 11, 1965 (Palm Sunday) Tornado Outbreak: Michgan Impacts

STATEWIDE
TOTALS:

County Number of Deaths Injuries Tornado Intensity
Allegan 1 1 F1
Barry 2 0 5 F1 and F3
Branch 2 18 400 F3 and F4
Clinton 1 1 8 F4
Gratiot 4 0 1 all F2
Hillsdale 2 6 94 F3 and F4
Kalamazoo 1 0 17 F3
Kent 1 5 142 F4
Lenawee 2 9 83 F3 and F4
Monroe 3 13 39 F3 and F4
Montcalm 1 0 0 F2
Ottawa 1 0 0 F4
Shiawassee 1 0 0 F4
Tuscola 1 0 0 F2

2 F1 tornadoes
6 F2 tornadoes

6 F3 tornadoes;
9 F4 tornadoe:

Source: The Tornado Project / National WeatheviGer

April 21, 1967 — Southwestern and South-Central &oReninsula
Numerous twisters caused many injuries and extermioperty damage across more than a dozen caumetunately, there were no known fatalities, but
NCDC records indicate a total of 51 persons injued more than $28 million in property damage.oéchdown in Clinton County was of F4 intensity.

July 4, 1969 — Southeastern Michigan

Numerous tornado events marred the 1969 Indepeadeag holiday in Michigan. Although no fatalitiegere reported, 65 persons were injured across
Jackson, Washtenaw, and Wayne Counties. Damageatss exceeded $5 million.

April 3, 1974 — Southeastern Michigan

After a number of years without any Michigan fdta from tornadoes, disaster struck full forcel@74. Two persons were killed and 43 injured when
numerous tornadoes touched down in Monroe, Hilisdaénawee, and other counties. Damages totakdyr8 million. Although a downward trend in
fatalities and injuries had been observed in eadade since the 1950s, Michigan residents weranagaiinded about the deadly severity of its tornado
hazard, and the sheer number of tornadoes wadargey at this time. This date is also notableionally. National Weather Service data reportstal tof
239 tornadoes across the United States on this 8ayfwhich were in Michigan, 16 in Ohio, and 54liliana! Nationally, 308 persons were killed by
tornado impacts on this single day, 5,416 werer@guand property damages amounted to $1.5 billibnis “super outbreak” broke records as being the
largest number of tornadoes to strike the UnitedeStin a single day.

March 20, 1976 — Southeastern Michigan

Most of the Lower Peninsula’s residents were tlemeed by severe weather on this day, but as thedhour arrived in Oakland and Macomb Counties, a
pair of tornadoes of F4 and F3 severity causedviether impacts to turn deadly. Two persons wéledkand 58 were injured. Nearly $26 million in
property damage was also tabulated.

April 2, 1977 — Kalamazoo and Eaton Counties

Ten were injured in Kalamazoo, and then one persmkilled and 44 injured in Eaton County. Then&alo intensity was categorized as F4.

May 13, 1980 - Kalamazoo and Van Buren Counties

On May 13, 1980 two tornadoes occurred in southwiishigan — one in Van Buren County and one in K&aoo. The Van Buren County tornado
damaged over 500 structures and injured 15 persdhs. Kalamazoo tornado damaged over 1,200 honiesaused five fatalities and 79 injuries. This
was the greatest number of persons killed by desitognado in Michigan since the April 11, 1965 mecence. Damage in the two counties was so severe
that a Presidential Major Disaster Declaration wgeanted to provide supplemental federal disastsis@sice to those communities and individuals
significantly affected by the storms. More tha $5illion in damages were caused by these tornadoes
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July 4, 1986 — Menominee County
Another disastrous tornado event injured 12 andedwan estimated $2.5 million in property damagendiuthe early evening on the Independence Day
Holiday.

June 21, 1987 — Novi (Oakland County)
An F2 tornado caused 1 death, 6 injuries, and $880n property damage.

October 4, 1990 - Genesee County

On October 4, 1990 an F2 intensity tornado touath@dn in Flint, Burton, and Davison Township in Geee County, leaving a trail of destruction
approximately 200 yards wide and four and one-méliés long. Over 30 homes and 20 businesses werraly damaged, and numerous roads and streets
were blocked due to fallen trees and debris. @Gmegm was injured when his tractor-trailer was twreed by the strong winds while traveling on Istate

69 in Burton. Total damage was estimated at $#amil A Governor's Disaster Declaration was granie provide supplemental state financial assiganc
to help pay for the cleanup costs associated Wwitstorm.

March 27, 1991 — Entire Lower Peninsula

Severe weather events covered a wide area andqadwmerous tornadoes across many Northern Losensula counties. Ogemaw, losco, and Alcona
Counties were particularly hard-hit, and sufferemtal of more than $5 million in property damagenfi F3 tornadoes that traveled dozens of milese Th
Southern Lower Peninsula was also plagued by tariragacts, including an F3 touchdown in Calhoun i@puhat injured 18 persons, and an F3 tornado
in Hillsdale County that caused $25 million in pedly damage.

April 16, 1992 - Plymouth (Wayne County)

On April 16, 1992 an F2 intensity tornado touchedvd in a mobile home park near Plymouth. The tdondestroyed 6 homes and damaged 14 others.
Four residents of the mobile home park were injur€dtal property damage was estimated at $2.5omill

July 13, 1992 - Cass County

On July 13, 1992 an F2 intensity tornado touchesndim northwest Cass County, leaving a trail oftdegion one-half to one mile wide and six milesdo
The tornado damaged or destroyed 40 homes, seagiélusinesses, and one migrant labor camp. 2foperwere injured, and another 100 were left
homeless by the tornado. Damage was estimate8.anillion, with nearly $2.7 million of that totéleing agricultural damage. A Governor’s Disaster
Declaration was granted to provide supplementé stssistance with security, sheltering and mass ca

July 2, 1997 - South-Central and Southeast Michigan

On July 2, 1997 a series of intense thunderstorerg #hrough south-central and southeast Michigemese storms spawned a total of 16 tornadoes, 13 of
which occurred in the southeastern Michigan cosntieGenesee, Lapeer, Livingston, Macomb, Oakl&adjinaw and Wayne. The total for southeast
Michigan is the highest number for a single dagsirecords have been kept from 1950. The tornadisged or destroyed over 2,900 homes and nearly
200 businesses, and caused over $25 million inipdamage and nearly $30 million in private damagetotal of 16 deaths were attributed to this istor
front, but only 2 of those deaths were caused bydmadoes. Another 120 persons were injureddrstorm event (98 from tornadoes). The tornadods
straight-line winds downed thousands of trees amaep lines, which knocked out power to 350,000 telesl customers and caused significant public
health and safety threats. Subsequent analysteebyational Weather Service indicated that the Méa@ounty tornado was F2 in intensity, while in
Genesee County there were two F3 tornadoes and-twtornadoes. The remaining tornadoes were efleor F1 in intensity. A Presidential Major
Disaster Declaration was granted for the five cmsninost severely impacted by the tornadoes aretes¢ghunderstorms.

October 6, 1998 - Big Rapids (Mecosta County)

On October 6, 1998 a series of strong thunderstdraveled through several counties in central Loiéhigan. The City of Big Rapids, in Mecosta
County, was hardest hit by the storms. Officiatsrf the National Weather Service determined théEah mini tornado,” with winds reaching 80-90 nsle
per hour, had struck the Ferris State Universitymas, damaging several buildings and numerous wuding residences and vehicles. The storm also
downed trees and power lines in the area, andedjseven persons. The storm track was approxiyna&€l feet wide and one mile long. The storm
dumped nearly 3 inches of rain in the Big Rapid=saaflooding many streets and parking areas. #mhyeClare County, the storm destroyed one home,
damaged ten others, and injured three persons.

July 3, 1999 - Comins (Oscoda County)

On July 3, 1999 a tornado touched down near LewigtdVlontmorency County and traveled southeast@nty-one miles through Oscoda and Alcona
Counties, causing damage to homes and businessésjanng two persons. The hardest hit areauihet] the Village of Comins and Clinton Township in

Oscoda County. The destruction was devastating pecent of the Village of Comins was damaged estrdyed by the storm. Nine homes were
destroyed, 46 homes sustained damage, and eighebsas were damaged or destroyed. The Clintom3lug Hall and Fire Department buildings were

also destroyed, and the Post Office sustained damégcal roads were blocked by debris and dowrmgep lines, leaving residents without power for

several days. Only three buildings in town — g baparty store, and a senior center — were laftdhg intact. After striking Comins, the storrmtinued

on its path and damaged another 20 residencesaatyn€rooked Lake in Alcona County. A Governor's&ster Declaration was granted to Oscoda
County to provide supplemental state assistandedebris removal, clean up, and traffic controlnfiage estimates approached $2 million.

May 21, 2001 - Southern and Central Michigan

On the afternoon of May 21, a line of severe thustbems moved across Michigan, spawning 21 tormrado&6 counties and causing damage in all but one
of those counties. The hardest hit counties wetandazoo, Kent, Livingston and Oakland. Fortuyateb deaths or serious injuries occurred as dtreku
these storms. All totaled, the tornadoes causedtaks.5 million in property damage and $400,00@gdnicultural crop damage. The largest share ef th
property damage — approximately $3 million — wasseal by an F2 intensity tornado that struck Hadti@nd Tyrone Townships in Livingston County. The
tornado tore through a golf course, destroying di2icles and damaging 58 others, destroying 35agoté and a portion of the clubhouse, and injudng
person. The tornado also destroyed three neanmgsi@nd two businesses, damaged another busindsspaned hundreds of trees in the area. Several
cars and semi-trailers were flipped and damageadieetornado crossed U.S. 23.

September 9, 2001 - Delta Township (Eaton County)

In the late afternoon hours of September 9, 200F hrintensity tornado carved an 8-mile long by 986d wide swath of destruction through Delta
Township in Eaton County. The tornado — packingdsiof up to 110 miles per hour — destroyed théirmgpdowers at a Lansing Board of Water and Light
power plant, causing $4 million in damage and foycihe plant to shut down its operations. Theadmalso destroyed a business and damaged several
others in an industrial park, damaged dozens ofdsoand barns, and downed numerous trees and piowsr |[Even though the tornado crossed three
Interstate Highways and passed several housing\ésibds along its path, it did not cause any deathserious injuries.

September 30, 2002 - Southeast Upper Peninsula
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On September 30, 2002 a supercell produced threadoes and extensive downburst wind damage itneoubDickinson County. The majority of damage
to the Iron Mountain, Kingsford and Quinnesec areas caused by downburst winds, which knocked freeshomes, downed power lines, etc. The most
significant damage was produced by the tornadortteated through Kingsford and Iron Mountain. AniRfensity tornado developed in Florence County,
Wisconsin and crossed the Menominee River justhsofithe Iron Mountain-Kingsford airport. Numerotrees and power lines were knocked down,
blocking highway US-2 and disrupting electric powed telephone service. Gas lines were rupturddsaveral commercial buildings sustained substantia
roof damage in Kingsford. Property damage dudl tof ghe storms was estimated at around $7 million

July 20, 2003 - Battle Creek (Calhoun County)

An F1 intensity tornado struck Calhoun County dgrthe afternoon of July 20th, 2003. The tornadst fiouched down on the southeast side of Battle
Creek. It lifted for several miles but eventuatiyiched down again. It stayed on the ground for@pmately three miles and intensified, causingaeage

to be torn from a house and an older farm houdeetootated and pushed off its foundation. Thretbldings and a barn were also destroyed. Roof
shingle damage was also noted to other house®iarda. Hundreds of trees were uprooted or brokKenThe tornado path was eight miles long from
where it first touched down to where it lifted fibre last time. The tornado width was nearly onlé ihde wide where the most severe damage occurred.
The tornado caused nearly $1 million in propertsndge along with $200,000 in crop damage.

August 21, 2003 - Ingham County

On August 21, 2003 a tornado struck eastern IngGammty. The tornado’s path length was 4.5 milegland it was up to 1/2 mile wide. It was on the
ground for 15 minutes and was rated as a lowemRde original Fujita scale. A severe thundersteranning was issued for Ingham County and that was
soon upgraded to a tornado warning. Two homes westroyed. One house collapsed and trapped tdiwidnals inside, injuring both. At another
location, a house was damaged and a barn wasdeeid a pickup truck was blown off the road. Ealorrelated property damage was relatively low, but
crop damage was estimated at $200,000.

August 24, 2007 — Eaton County

An EF3 tornado with wind speeds estimated at 148 prpduced its most severe damage along a pathNté&@ just north of Kinsel Highway to just west
of M-100 and Vermontville Highway near Pottervill& NWS storm survey indicated a tornado path wiviels 200 to 300 yards wide and 6.5 miles long.
Fifteen homes were either destroyed or severelyadacth A roof was blown off a single-story home aviddward-facing walls were blown in. The
majority of the roof and garage from this home weoe found. A roof was blown off a two-story horard the upper story front walls were blown in.
Additional damage included the partial collapsehaf upper story of a home, and another house veabobff its foundation. Two barns were destroyed
and another incurred heavy damage just west oéRdte. Six persons were injured, and propertsndges totaled more than $25 million.

October 18, 2007 — Ingham County and Northern Ldnesrinsula

A tornado occurred at night, and based on exterdaweage to buildings and trees, it was classified, Bvith top winds estimated between 120 and 130
mph. The tornado began just northeast of Masonnakrd0:28 pm EDT and moved northeast at 40 to 4b thpugh the City of Williamston between
10:40 and 10:45 pm. Approximately 100 structuresendamaged in a subdivision on the south sideithfaviiston. Two fatalities occurred about 4 miles
northeast of Williamston, where a modular home &sidwo occupants were flipped into a pond. Thaado then moved into Shiawassee County and
dissipated shortly thereafter. Total property dgesavere estimated as nearly $20 million.

A historic tornado outbreak also rocked Northerweb Michigan on the afternoon and evening of Oatdk® 2007. Northern Lower Michigan had a
record six tornadoes on the day. The previous high five, set on June 17, 1992. Unfortunately, k&ska tornado produced a fatality. That was ttst fi
tornado fatality in Northern Lower Michigan sinceahdh 30 1976, when a single death had occurredyen@w County.

June 6, 2010 — Monroe and Lenawee Counties

Two tornadoes struck Monroe County, one classifiedEF2 and the other as EF1. The stronger tomagdoup to 800 yards wide and tracked 13 miles
across Monroe County, including movement through\tiilage of Dundee, which was the hardest-hit fimra(after which the tornado weakened to EFO
levels in its east-southeastern course). The weakeado was up to 500 yards wide and tracked|8&snfiom the Woodland Beach area to the northeast,
reaching Estral Beach and proceeding out into lEake. The weaker tornado was especially signifidantwo reasons—it caused some damage at the
Fermi nuclear power facility, and it also impactedarea that is a project site for flood mitigataivities (at Estral Beach). The tornado damagede
than 125 homes and 23 vehicles, and set back #icign amount of flood mitigation project work the area. Estimated damages from the weaker tornad
amounted to $10 million. Estimated damages froensthonger tornado were $50 million. A total ofl3iuildings were damaged in Monroe County, and 5
houses were destroyed. A weaker F1 tornado alsgeda$500,000 in damage to property in adjacerawer County.

June 27, 2010 — St. Clair County

Among the tornado damages this day was a disasétoks at a campground just north of 1-69 and veéaadhams Road in Clyde Township. One person

was killed and four were injured. The tornado wkssified as EF1, with winds up to 95 mph. Abbdtcampers were damaged or destroyed, including
being blown into the water of a large pond nealfllmtal damages at that location were estimated @®$00. Total tornado damages that day amounted to
more than $1.25 million.

April 26, 2011 — Allegan County

An EF-0 tornado (with winds peaking near 85 mphindged buildings from the Deboer Turkey Farm toldérainear Burnips (Allegan County). The
tornado tore a small section of roof off a wareleobsilding, knocked over several trailers, and bibes windows out of several cars, then uplifted and
collapsed an approximately 100-foot section of fixden. The roof was torn off about a 50-foot settdf another barn. To the northeast, severallsmal
outbuildings were destroyed and trees were uprootgdveral houses received minor roof, soffit, gadage door damaged. The tornado lifted after
partially destroying a 75 year-old barn. The propdamage totaled approximately $1M.

May 29, 2011 — Calhoun County

Three tornados produced wind gusts up to 100mphersouthern Lower Peninsula, resulting in sevepaboted trees and downed power lines. 163,000
homes and businesses were without power. TheeBatdek area was hit the hardest, with straigktwinds between 75 and 100mph, causing wide-spread
damage. The event resulted in a Governor’s disdstdaration for Calhoun County, no deaths or seripjuries were reported.

March 15, 2012 — Southeast Michigan (Washtenaweé&ap

Three tornadoes resulted in a total of $12M in propdamage. Fortunately, there were no repongedhd or injuries. An EF-3 tornado touched dower ne
Dexter (Washtenaw County), with maximum wind speafds35-140 mph. The tornado damaged at leash®ftes (20 severely), and destroyed two more.
An EF2 tornado (with maximum wind speeds of arod@8mph) struck approximately 5 miles northwest apéer, leaving a damage path roughly 4.6
miles long with a maximum width of 400 yards. Damancluded a destroyed garage, a house shifteisdffundation, uprooted trees and other minor
structural damage. An EFO tornado with maximumdagpeeds of 85mph was confirmed in central Monroen®y, near Yargerville. The estimated path
length of this tornado was 0.5, miles with a maximwidth of 50 yards. The damage consisted of gidind shingles blown off a house, a tipped car, a
shed destroyed, and trees blown down.
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Other Recent Significant Tornado Outbreaks of Galrlaterest in the United States

April 2011 — National Outbreak

April 2011 shattered the previous April tornadoarecof 267 tornadoes set in April 1974 by produdd@ confirmed tornadoes (875 were reported) across
the United States. The previous record for any moves 552 tornadoes in May of 2003. In particui@m April 25-28, 2011 there were 362 tornadoes,
breaking the previous single tornado outbreak rkobrl48 tornadoes on April 3-4, 1974. The 361 feedgled during the April 2011 outbreak set a new
record, with 322 of those deaths occurring durlmg April 25-28, 2011 time frame alone. There wengr fEF5 tornadoes during this particular outbreak.
The biggest loss of life for a single tornado ocedrin Tuscaloosa-Birmingham, Alabama, with at g fatalities. This tornado, rated an EF5, had a
maximum width of 1.5 miles and a track 80 milesgorAlthough the numbers with this single tornad®ienpressive, the deadliest single tornado onrdeco
in the United States still is the Tri-State torngim., IIl., Ind.) on March 18, 1925, when 695 died

May 2011 — Joplin, MO

One month after the April 2011 national outbreakusred, another deadly single tornado occurredpiild, Missouri, resulting in 158 fatalities and®9
injuries on May 22, 2011. This Joplin, Missourirtado is only the second EF5 tornado to occur irsisi since 1950. The tornado resulted in being the
costliest disaster in Missouri history, at overgiillion.

May 2013 — Oklahoma

An EF5 tornado swept across the southern parteo©tklahoma City metropolitan area, destroying mstnyctures along a 17 mile-long path that was more
than 1 mile wide and most strongly hit the cityMdore, OK. According tdttp://www.srh.noaa.gov/oun/?n=tornadodata-okceté® deaths, including 7
children when a school wall collapsed, and more B@0 destroyed homes resulted. On the previoysasteEF4 tornado had struck nearby Norman, OK,
killing two persons. Widespread media coveragé tdace as these events happened.

Programs and I nitiatives

Note: Many of the programs and initiatives destyteemitigate, prepare for, respond to, and recéreen severe
straight-line winds have the dual purpose of alsiigquting against tornadoes. As a result, thesmise overlap
in the narrative programs and initiatives desarimi for each respective hazard. This redundardowsleach
hazard section to stand alone, eliminating the neeéfer to other hazard sections for basic infdram.

National Weather Service Doppler Radar

The National Weather Service has completed a magalernization program designed to improve the guahd

reliability of weather forecasting. The keystorfetlis improvement is Doppler Weather SurveillariRadar,

which can more easily detect severe weather evkatghreaten life and property — including tornegland the
severe storms that spawn them. Most importantielie time and specificity of warnings for seversather have
improved significantly.

Doppler technology calculates both the speed amdlitlection of motion of severe storms. By prowgldata on
the wind patterns within developing storms, the rsgtstem allows forecasters to better identify tbhaditions
leading to severe weather such as tornadoes aratesétwunderstorms. This means early detectionhef t
precursors to severe storms, as well as informatiothe direction and speed of storms once they.for

National Weather Service Watches/Warnings

The National Weather Service issues tornado watidieseas when the meteorological conditions arelacive
to the development of a tornado. People in thehvatea are instructed to stay tuned to NOAA weathdio

and local radio or television stations for weathpdates, and watch for developing storms. Oncereatlo has
been sighted and its existence is confirmed andrteg, or Doppler Radar shows strong probabilitythoed

development or occurrence of a tornado, the Natifeather Service will issue a tornado warning.e Warning
will identify where the tornado was sighted, theedtion in which it is moving, and the time framaridg which

the tornado is expected to be in the area. Peiadhe warning area are instructed to seek shieftie@ediately.

The State and local government agencies are wariaethe Law Enforcement Information Network (LEIN),
National Oceanic and Atmospheric Administration NX) weather radio, and the Emergency Managers
Weather Information Network (EMWIN). Public wargins provided through the Emergency Alert System
(EAS). The National Weather Service stations ichvaan transmit information directly to radio amdewision
stations, which in turn pass the warning on topbblic. The National Weather Service also providetiled
warning information on the Internet\stvw.weather.goywhere an interactive map can be used.
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Public Warning Systems

Numerous communities in Michigan have outdoor wagnsiren systems in place to warn the public about
impending tornadoes and other hazards. Most aktkgstems were originally purchased to warn retidef a
nuclear attack, but that purpose was expandedctode severe weather hazards as well. These systeambe
very effective at saving lives in densely popula@eeas where the siren warning tone is most audilsienore
sparsely populated areas where warning sirens @raseffective, communities are turning to NOAAatrer
alert warning systems to supplement or supplarttamrtwarning siren systems. Unfortunately, a langmber of
communities across the state do not have adequdélé pvarning systems in place to warn their resideof
severe weather or other hazards. Federal fundiagifecally allocated to assist communities in thechase of
public warning systems has effectively disappeatedying many communities unable to purchase adequa
systems to warn their residents of impending danger

Attempting to fill some of that funding void, thé¢afe of Michigan has used federal Hazard Mitigati@mant
Program (HMGP) funds to assist local communitiegurchasing public warning systems. To date, HM@Gfls
have been used to purchase and install more thayu@®®or warning sirens, over 1,000 NOAA weathertal
monitors for schools, hospitals and places of pudtisembly, four NOAA weather radio transmitters] several
other early warning systems. Communities that iveck funding for these projects were encouraged to
implement a warning education program to ensurerédsadents know what to do once they receive wgrof an
impending hazardous event. Because HMGP funds Ineussed to fund a wide variety of mitigation pobge the
amount of funds available to fund warning systesnniited to a small percentage of the overall ladé grant
funds allocated to the state. The HMGP funds amwiged on a 75% federal, 25% local cost share. A
Presidential major disaster declaration is requicedctivate the HMGP funding. As a result, thedimg stream
may not always be available in the future. In #ddj state mitigation priorities may change overd, putting
public warning systems at a lower priority thanestmitigation projects. However, the HMGP doesvjte at
least one possible avenue for assisting commuriitieshancing their local public warning capability

Severe Weather Awareness Week

Each spring, the Emergency Management and HomeSmmarity Division, Department of State Police, in
conjunction with the Michigan Committee for Sev&veather Awareness, sponsors Severe Weather Awarenes
Week. This annual public information and educat@ampaign focuses on severe weather events such as
tornadoes, thunderstorms, lightning, hail, highdgirand flooding. The purpose of the tornado portb this
campaign is to inform the public about what torrexlare and when they usually occur, what they shaalif a
tornado occurs, what community warning systemstexand to provide other pertinent tornado-related
information as appropriate. Informational materiate disseminated to schools, hospitals, nursangel, other
interested community groups and facilities, and gle@eral public. Special educational programs adten
conducted during this week.

Manufactured Home Anchoring

Manufactured homes are vulnerable to tornado darfabey are not properly anchored down. As a ltesu
major national effort has been initiated to encgaratructural anchoring or “tie down” of manufaetihomes.
The Michigan Manufactured Housing Commission Adsti@itive Rules (R 125.1602, Subsection 5) requere n
manufactured home installations in floodplains ® gtructurally anchored to a foundation. Throubts t
requirement, the possibility of damage from windrimimized. Although this will not protect a maauafured
home from a direct hit by a tornado, it certainlyll vinelp prevent rollovers in most high-wind sitigats.
Unfortunately, structures outside designated flémidp do not have to comply with the anchoring [Bi@n,
although many owners choose to comply voluntarilyshould also be noted that local communitiesehthe
option of adopting an ordinance that requires anoboof manufactured home installations locatedsiolat a
designated floodplain. State anchoring systendst@s are outlined in Administrative Rules R 1283 éhrough
R 125.1608.
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FEMA Safe Room Benefit-Cost Calculator

An advanced way for a community to analyze theadanrisk for various structures in its part of shate would
be to make use of FEMA’s 2000 computer model, “Biei@ost Analysis of Hazard Mitigation Projects: riado
and Hurricane Shelter Model.” This program tak@s iconsideration building information such as ateagth,
width, and location in the state, to determine \Wwhetor not a mitigation project involving reinfoctésafe
rooms” will provide adequate protection during enmlo for building occupants. Although this pragrdoes not
specify exact risk of tornado damage for each conityuit does provide an approximating regional mlotb
follow for communities considering building tornatiafe rooms” to mitigate tornado deaths and iejgiri If
your community wants to know more about the fedéisibf the “safe rooms,” the model is availabledbgh the
MSP/EMHSD office. Important Note: Only countiesthvgreater tornado risks should inquire about tB&K
computer model, as the model does not work welttamties with very few tornado occurrences. Addilly,
FEMA provides a disclaimer on the model that stdteg the results from the benefit-cost analyses ot
conclusive or positively cost-effective—and thatdeled projects are NOT guaranteed for potentiabguwent
grants. For more information about safe roomgrrefhttp://www.fema.gov/safe-rooms

Electrical Infrastructure Reliability

One of the major problems associated with the sewends from tornadoes and thunderstorms is the ¢ds
electric power caused by trees falling on poweedin Michigan has had numerous widespread and esever
electrical power outages caused by severe wincbdret weather events. Several of those outages fesulted
in upwards of 500,000 electrical customers (moenth% of the State’s population) being without poves
several hours to several days at a time. Windadldamage to electric power facilities and systisnasconcern
that is being actively addressed by utility companacross the state. Detroit Edison, Consumersgirzand
other major electric utility companies have actigagoing programs to improve system reliability gwdtect
facilities from damage by tornadoes, severe sttdigh winds, and other hazards. Typically, thesegrams
focus on trimming trees to prevent encroachmeivefhead lines, strengthening vulnerable systenpooents,
protecting equipment from lightning strikes, an@gahg new distribution lines underground. The Nbem
Public Service Commission (MPSC) monitors powetesysreliability to help minimize the scope and diora of
power outages.

Structural Bracing and Wind Engineering

One of the best ways to protect buildings from dgenfrom severe winds associated with thunderstorms,
tornadoes, or other high wind events is to inssallictural bracing and metal connectors (commoried
hurricane clips) at critical points of connectionthe frame of the structure. Typically, this ilwes adding extra
gable end bracing at each end of the structurdyasimgy the roof rafters to the walls with metal nentor straps,
and properly anchoring the walls and sill platette foundation. This extra bracing helps ensuat the roof
stays on the structure, and the structure staysoaed on its foundation. Experience in tornadoesather high
wind events has shown that once the roof begimpeé&b away from the walls, or the building beginsrove off

its foundation due to extreme lateral wind forcemjor structural damage occurs. If the damageimoes
unabated, the building can end up being a total los

Urban Forestry and Tree Maintenance Programs

Urban forestry programs can be very effective imimizing storm damage caused by falling trees ee tr
branches. In almost every tornado or other seware event, falling trees and branches cause poweges and
clog public roadways with debris. However, a propeesigned, managed and implemented urban fgrestr
program can help keep tree-related damage and tnipacminimum. To be most effective, an urbare$bry
program should address tree maintenance in a ctepseze manner, from proper tree selection, to qrop
placement, to proper tree trimming and long-terne ca

Every power company in Michigan has a tree trimmanggram, and numerous local communities have some
type of tree maintenance program. The electri¢dityutree trimming programs are aimed at prevegti
encroachment of trees and tree limbs within power tights-of-way. Typically, professional tree magement
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companies and utility work crews perform the trimmbperations. At the local government level, anlyandful
of Michigan communities have actual urban forestepartments or agencies. Rather, crews from tiddicpu
works agency or county road commission perfornmbihl& of the tree trimming work.

When proper pruning methods are employed, and whenvork is done on a regular basis with the aim of
reducing potential storm-related damage, theseranog can be quite effective. Often, however, treeming
work is deferred when budgets get tight or otherkvi® deemed a higher priority. When that occtirs,problem
usually manifests itself in greater storm-relategetdebris management problems down the line. oAbh
nothing will prevent tree damage from a direct &o strike, a well-planned, well-managed urban sfoye
program can certainly reduce the scope and magndatithe post-tornado tree debris problem.

Mitigation Alternativesfor Tornadoes

* Increased coverage and use of NOAA Weather Radio.

* Public early warning systems and networks.

* Tree trimming and maintenance to prevent limb bagakand safeguard nearby utility lines. (ldeal:
Establishment of a community forestry program wathmain goal of creating and maintaining a disaster-
resistant landscape in public rights-of-way.)

» Buried/protected power and utility lines. (NOTEh#/e appropriate. Burial may cause additional lerab
and costs in case of breakage, due to the increffiedlty in locating and repairing the problem.)

» Using appropriate wind engineering measures andtagtion techniques (e.g. structural bracing,pstrand
clips, anchor bolts, laminated or impact-resis@lass, reinforced entry and garage doors, windavitsis,
waterproof adhesive sealing strips, and interlagkimof shingles) to strengthen public and privatectures
against severe wind damage.

* Proper anchoring of manufactured homes and extstrioctures such as carports and porches.

» Securing loose materials, yard, and patio itemeonsior where winds cannot blow them about.

» Construction of concrete safe rooms in homes aptieshareas in mobile home parks, fairgrounds, gimgp
malls, or other vulnerable public areas.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPIM
places additional emphasis on the coordinationtateSevel planning and initiatives with those takiplace at
the local level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of tornadoes), and
2. The consideration of information containedbical hazard mitigation plans when developing

State plans and mitigation priorities.

Regarding the first type of State-local planningrcination, the information immediately followingqvides
advice regarding the tornado hazard to offer guidan local planners, officials, and emergency rgara It has
been adapted from the February 2003 “Local Hazait@yMion Planning Workbook” (EMD-PUB 207). Foreth
second type of State-local planning coordinatioseetion follows that summarizes tornado informa@és it has
been reported in local hazard mitigation plans.r &drief summary of tornado-related informatioanfr that
section of this plan, it will here be noted thatnadoes were identified as one of the most sigmifihiazards in
local hazard mitigation plans for the following cies: Antrim, Arenac, Berrien, Calhoun, Clare, kson,
Eaton, Genesee, Gratiot, Hillsdale, Huron, Inghdactkson, Kent, Livingston, Mackinac, Macomb, Meapst
Midland, Monroe, Montcalm, Oakland, Osceola, Otta®aginaw, Van Buren, Washtenaw, and Wayne.
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Tornado History for Michigan Counties — arranged byregion — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “titnah south to north, west to east)

Please refer to the Michigan Profile Map sectianafio explanation of regional divisions
COUNTY or area Tornado Days with Tot. property Tot. crop |Injuries| Deaths
Events Tornadoes damage damage
Washtenaw 5 5 $12,595,000
Wayne 3 3 $90,750,000 90
.Livingston 8 7 $10,220,000 3
Oakland 6 6 $6,917,000 1
Macomb 4 3 $30,800,000 6
5 Co Metro region 5.2 avg. 4.8 avg. $151,282,000 99 1
Berrien 7 6 $2,110,0Q0
Cass 6 5 $5,900,000
St. Joseph 6 4 $822,200 1
Branch 2 2 $50,000
Hillsdale 3 3 $351,000
Lenawee 4 4 $580,000
Monroe 7 6 $60,203,000 11
Van Buren 4 3 $110,000 $10,000
Kalamazoo 7 6 $690,500 $142,000
Calhoun 4 4 $3,200,000 $275,000
Jackson 2 2 $700,000 $50,000
Allegan 7 7 $1,602,000
Barry 2 2 $300,00D
Eaton 8 8 $50,357,000 $225,000 6
Ingham 7 7 $20,850,000 $200,000 2 2
.Ottawa 3 3 $250,000 $10,000
Kent 7 4 $570,000 $30,000
lonia 2 2 $110,000 $55,000
Clinton 2 2 $450,000 $150,000
Shiawassee 9 7 $655,000 1
Genesee 18 10 $18,510,000 2 1
Lapeer 9 9 $1,880,000
St. Clair 7 7 $895,000 4 1
.Muskegon 3 3 $50,000
Montcalm 2 2 $152,000 $25,000
Gratiot 5 3 $675,000 $29,000 1
Saginaw 13 9 $6,308,000 $5,500
Tuscola 8 7 $1,060,000 1
Sanilac 5 5 $445,000
.Mecosta 1 1 $1,200,000 12
Isabella 5 5 $715,000 $10,000 1
Midland 3 3 $225,000
Bay 4 4 $170,00D
Huron 5 5 $415,000 1
34 Co S Lower Pen 5.5 avg. 4.7 avg. $182,560,/00 $1,216,500 43 4

Continued on next page...
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Part 2 of Michigan County Tornado Events table

.Ocean

Newaygc 4 4 $62,000 $10,000
.Masor 1 1

Lake 1 1 $150,000 $50,000
Osceol 5 5 $512,000 $100,000 1
Clare 3 3 $210,000 $10,000
Gladwir 2 2 $90,000

Arenau 3 3 $15,000 $1,000 1
.Maniste: 1 1 $15,000

Wexforc 1 1 $8,000

Missauke 1 1

Roscommo

Ogemav 2 2 $75,000

loscc 1 1 $75,000

.Benzie

Grand Travers

Kalkask: 3 3 $1,100,000 1
Crawforc 4 4 $60,000

Oscod: 4 3 $2,890,000 2
Alcone 3 3 $315,000

.Leelana 1 1 $20,000

Antrim 2 2 $4,000

Otseq! 1 1 $11,000

Montmorenc' 3 3 $210,000

Alpene 4 3 $491,000

.Charlevoi; 1 1

Emme 1 1

Cheboyga 2 2 $30,000

Presque Is 2 2

?9 Co N Lower Pr 1.9 avg 1.8 avg. $6,343,000 $172,000 5
Gogebi 1 1 $25,000

[ron 1 1 $15,000

Ontonago 1 1 $20,000

Houghtor

Keweenay 1 1

Baragi

.Marquett 4 4 $10,000 $5,00(
Dickinscn 6 3 $7,013,000 $120,000
Menomine: 2 2 $25,000

Delte 4 4 $38,000

Schoolcral

Alger 1 1

.Luce 1 1

Mackinac 1 1

Chippew: 1 1 $200,000

15 Co Upp.Pel 1.6 avg. 1.5 avg. $7,346,000 $125,000
MICHIGAN TOTAL 292 127 $347,332,000 $1,512,000 147
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Number of Tornadoes in Michigan, by County: 1950-209

County Tornadoes: County Tornadoes:
(A-K) 1950-2009 (L-2) 1950-2009

Alcona 11 Lake 2
Alger 6 Lapeer 20
Allegan 26 Leelanat 3
Alpena 14 Lenawee 31
Antrim 9 Livingston 24
Arenac I Luce 2
Baraga 2 Mackinac 5
Barry 18 Macomb 18
Bay 12 Manistee 2
Benzie 4 Marquette 6
Berrien 28 Mason 5
Branch 15 Mecoste 9
Calhoun 15 Menominee 7
Cass 14 Midland 8
Charlevoix 4 Missaukee 8
Cheboygan 6 Monroe 28
Chippewa 6 Montcalm 11
Clare 8 Montmorency 6
Clinton 17 Muskegor 7
Crawford 10 Newayg( 12
Delta 11 Oakland 31
Dickinson 7 Ocean: 5
Eaton 25 Ogemaw 14
Emmet 5 Ontonagor 2
Genesee 41 Osceolt 16
Gladwin 9 Oscode 5
Gogebic 3 Otseqc 3
Gd. Traverse 4 Ottawa 18
Gratiot 12 Presque Isle 6
Hillsdale 23 Roscommot 8
Houghton 1 Saginaw 21
Huron 12 Sanilac 14
Ingham 27 Schoolcrafi 3
lonia 17 Shiawasse 25
losco 11 St. Clair 20
Iron 5 St. Josepl 9
Isabella 13 Tuscole 17
Jackson 17 Van Buren 18
Kalamazoo 25 Washtenaw 24
Kalkaska 7 Wayne 28
Kent 31 Wexford 7
Keweenaw 2 STATEWIDE: 923

IMPORTANT NOTE: Tornadoes that crossed county liaescounted more than once in this table.

Therefore, the statewide total is less than the sliine individual county totals.
Source: National Weather Service
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Historic Tornadoes per County
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Tornadoes 1950 - 2009
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Comparative National Tornado Statistics
Source: National Weather Service

Annual Average Number of Strong-Violent (F2-F5)
Tornadoes by State

" Theses maps use data for the years 1950 to 2009 for the State of Michigan anly, but the rest of the states show
data only for the years 1950 to 1895, Although updated national maps were not available from the National VWeather
Service for use in this plan, new information for Michigan was readily provided upon request, and these maps were
then revised by MSP/EMHSD staff to reflect this new data

Average Annual Number of Strong-Violent (F2-F5)
Tornadoes per 10,000 Square Miles by State

Michigan State Police
Emergency Management & Homeland Security Division
Januarg 2011
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Extreme Temperatures

Prolonged periods of very high or very low temperatures, often accompanied by other extreme meteorological
conditions.

Hazard Description

Temperature extremes are broken down into two oatg) extreme heat and extreme colbth extremes can
last for weeks, without any advance warning andthie middle of a seemingly normal weather pattern.
Additionally, both extreme heat and extreme cold cause loss of life to vulnerable populations, agento
infrastructure, and disruptions to schools andrirsses.

Extreme cold is primarily associated with the wimtenonths of November through March and categorizgd
temperatures plunging near or belo0 Extreme heat occurs mainly during the summenth®of June, July,
and August and is marked by temperatures abo%e. 90

Although all counties in Michigan are susceptilddnarsh subfreezing temperatures, counties in trehNCentral
and Upper Peninsula of the state typically haveenamual days of extreme cold than the southerniopsrof

Michigan. Periods of extreme cold are risky favdé in both rural and in urban areas. Frostbitehgpothermia
is common in rural areas where people are trappttbors and do not adjust properly to the tempesatuEven
indoors, hypothermia is a concern for individualnly in inadequately heated apartments or rooblrsss of life

can occur with either of these situations. Damamduildings and pipelines can also occur in bittetd

conditions, resulting in expensive repairs and piidédays of business and school shutdowns.

Counties in the southern half of the state havéitjeest frequency of days exhibiting extreme he#tan areas
are especially prone to days with soaring tempegafwith concrete and asphalt surfaces reflectindight, air

pollutants trapping heat, and lessened circulatibair through densely-developed areas. Indivisiwabrking

outdoors, the elderly, and children need to be a®eal for during oppressively sizzling conditioas, they are
most at risk for heat exhaustion, and fatal heaikst Scorching weather also puts a strain onetiergy

demands for an area, as air conditioning becomescassity for vulnerable populations. Possiblddswns of

schools, colleges, and industries can occur duhiege times.

Prolonged periods of extreme temperatures, whetkeme summer heat or extreme winter cold, car pos
severe and life-threatening problems for Michigasitizens. Although they differ in their initiatinconditions,
the two hazards share a commonality in that thei bend to have a special impact on the most valer
segments of the population—the elderly, young céiidand infants, impoverished individuals, and @essvho
are in poor health. Due to their different chaggstics, extreme summer heat and extreme winter ltazards
will mostly be discussed separately in this sectiBor both types of temperature extremes, howevkemger hot

or cold spell makes the temperature effects mucte ®evere on vulnerable populations—a longer duraénds

to produce more severe effects.

Hazard Analysis

Extreme Summer Heatis characterized by a combination of very high gemtures and humid conditions.
When persisting over a long period of time, thiempdmenon is commonly called a heat wave. The nthjeats
of extreme summer heat are heat exhaustion andtieda (a major medical emergencyjeat exhaustionis a
less severe condition than heatstroke, but it capseblems involving dizziness, weakness and fatigtieat
exhaustion is often the result of fluid imbalanaee do increased perspiration in response to trenget heat.
Treatment generally consists of restoring fluidd ataying indoors in a cooler environment until lteely returns
to normal. If heat exhaustion is not addressed tegrted, it can advance to heatstroke, so meditahtion
should be sought immediately.
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Heatstroke symptoms include a high body temperature (it carl® degrees or higher), dry skin, inadequate
perspiration, paleness or reddening, confusionrrdability, and seizures. The victim may becomédiraris,
stuporous, unconscious, or even comatose. Coisliagsential to preventing permanent neurologiaaiabe or
death. Other, less serious risks associated witkerae summer heat are often exercise-relatedrarddeheat
cramps (an imbalance of fluids that occurs when peoplacoastomed to heat exercise outdoors) laeal
syncope(a loss of consciousness by persons not acclintatédt weather). Periods of hot weather alsoilenta

risks of dehydration, even for those who are ngiaged in demanding physical activities. Non-catigdd fluids
should be consumed to maintain adequate hydration.

A useful set of general principles to recognizethat evaporation is a cooling mechanism for ouridésd
Evaporation of moisture (i.e. perspiration) doessttur as rapidly when the surrounding air alreadg a
relatively high moisture content (humidity). Thisimidity inhibits evaporation and produces a fegbf greater
heat, while winds assist the evaporation of peasipin from skin and thus tend to produce a feethgreater
coolness. It can therefore be difficult for thedipdo precisely gauge actual outdoor temperaturesather
senses the potential for heat gain or loss. Aogeof extreme heat is more debilitating when thienaimidity is
high, and a period of extreme cold is similarly smafangerous when coupled with strong winds. Feseh
reasons, temperature alone is usually only a ldnitelicator of the weather’s likely threat to huntfasalth, and
additional factors should also be considered. ddhditional factors of humidity and wind speed havevided

the basis for two additional means of describing ¢ixtent of extreme temperatures’ impact—itteat Index
(HI) and thewind Chill Temperature Index (WCT).

The following tables indicate the way that tempeamat humidity, and wind speed probably feels to libenan
body, and suggest the types of temperature effelesant to Michigan’s climate. Although some loé¢ resulting
heat numbers may at first seem outrageous to tesktichigan temperatures, some of the extremeadctally
comparable to what is felt in a sauna, which ismfet at more than 140 degrees. Like saunashsattshould
not be felt by the body for more than brief periaddime, and since one of the body’s cooling rieen is to

increase the rate of blood circulation, this alddsato the burden placed on the heart muscle, amée too much
strain for some persons to bear.

HEAT INDEX Actual Temperature (degrees Fahrenheit)

Rel. Humidity | 90 92 94 96 98 100 102 104 106 108
40% 91 94 97 101 105 109 114 119 124 130
45% 92 96 100 104 109 114 119 124 130 137
50% 95 99 103 108 113 118 124 131 137 144
55% 97 101 106 112 117 124 130 137 145

60% 100 105 110 116 123 129 137 145

65% 103 108 114 121 128 136 144

70% 106 112 119 126 134 143

75% 109 116 124 132 141

80% 113 121 129 138

85% 117 126 135 145

90% 122 131 141

95% 127 137

Source: formulas obtained from the National Clim&iata Center

TECHNICAL NOTE: The two indices can also be summediby the following mathematical formulas, in whit means temperature (in

degrees Fahrenheit), H means relative humidity )means wind speed (in miles per hour), and E @@sna shorthand for scientific
notation (times 10 raised to the power of the nuntihat follows the E):

HI = -42.38 + 2.049T + 10.14H - 0.2248HT - (6.838E-3)T? - (5.482E-2)H? + (1.229E-3)HT? + (8.528E-4)HT - (1.99E-6)HT?
WCT = 35.74 + 0.6215T — 35.75(#P) + 0.4275T(W9
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WIND CHILL Actual Temperature (degrees Fahrenheit)
Wwind speed (mph) 40 30
5 36 25
10 34 21
15 32 19
20 30 17
25 29 16
30 28 15
35 28 14
40 27 13
45 26 12
50 26 12
55 25 11
60 25 10

Other tables and

calculators can be found onlinachs as the tables for

a heat index at

http://www.ncdc.noaa.gov/oa/climate/conversion/ingltxchart.html or the tables and calculator for wind chill

at http://www.nws.noaa.gov/om/windchill/

Although these indices involve a fairly straightf@rd means of expressing the “feel” of the weathéerms of a
temperature equivalent, conditions for each indigldwill still vary with the duration and type ofeather
exposure, personal health, extent of acclimatio, the type of clothing worn. For example, expestar full
sunshine can increase heat index values by up%o 1A&so, cooler air holds less moisture, and dgjereadily
allows the cooling evaporation of perspiration frekin. In other words, the heat index and windl @milex only
involve a consideration of two important factorst they are still more useful than a consideratibtemperature
alone. The Heat Index table assumes shady comsglitiéth a light wind. Actual indoor conditions magry,
trapping heat and/or humidity in some locations araking them potentially much more dangerous. dhged

exposure, physical activity, and age all tend trease the risks associated with heat.

Conditibat might

cause heat cramps in a teenager could be expeti@scheat exhaustion by a middle-aged person, sifba
stroke by a senior citizen. Young infants, howeaee also vulnerable to heat effects.

Extremely high numbers are not shown in the tadilese there are limits on the extent to which Hatimidity
and heat would be experienced as a part of Michégaseather (shown on the map below). However, the
following guidelines are recommended, to make bete of the raw numbers:

Heat Index above 130 degrees:

Extreme Danger(Heat stroke or sunstroke is highly likely wittofonged exposure and/or physical activity)

Heat Index in the 105 to 129 degree range:

Danger (Sunstroke, muscle cramps, heat exhaustion ikylikith prolonged exposure and physical activity)

Heat Index in the 90 to 104 degree range:

Extreme Caution (Sunstroke, muscle cramps and/or heat exhaustissilde with prolonged exposure/activity)

Heat Index up through 89 degrees:

Caution (Fatigue possible with prolonged exposure andiysieal activity)
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Severity and Extent of Extreme Summer
Heat in the United States

" Heat Index

Bl 120-125
B 115-120
B 110-115
3 10s-110
100 - 108
[ s5-100
[] 90-95

Albers Equal Area Projection

o 250 500 MI
——
o 250 500 KM

Source: U.S. Department of Commerkkilti-Hazard Identification and Risk Assessment, 1999, FEMA
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Extreme Heat History for Michigan Counties — arranged by region— Jan. 1996 to Oct. 2013

(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or area Extreme Heat Events| Days with Extrene Injuries | Deaths
Heat

Washtenaw 12 12 17

Wayne 14 14 541 3

.Livingston 12 12 4

Oakland 15 15 194 5

Macomb 13 13 60

5 Co Metro region 13 avg. 13 avg. 816 8

Berrien

Cass

St. Joseph

Branch

Hillsdale

Lenawee 12 12 2

Monroe 12 12 2

.Van Buren

Kalamazoo

Calhoun

Jackson

Allegan

Barry

Eaton

Ingham

.Ottawa

Kent

lonia

Clinton

Shiawassee 11 11 5

Genesee 9 9 23

Lapeer 11 11 1

St. Clair 11 11 7

.Muskegon

Montcalm

Gratiot

Saginaw 11 11 19

Tuscola 11 11 1

Sanilac 10 10 1

.Mecosta

Isabella

Midland 11 11 3

Bay 11 11 1

Huron 10 10 1

34 Co S Lower Pen 3.8 avg. 3.8 avg. 66

Continued on next page...
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Part 2 of Michigan County Extreme Heat History Table

.Oceana

Newaygo

.Mason

Lake

Osceola

Clare

Gladwin

Arenac

.Manistee

Wexford

Missaukee

Roscommon

Ogemaw

losco

.Benzie

Grand Traverse

Kalkaska

Oscoda

Alcona

.Leelanau

Antrim

Otsego

Montmorency

Alpena

.Charlevoix

Emmet

Cheboygan

1
1
1
1
1
1
1
1
1
1
1
Crawford 1
1
1
1
1
1
1
1
1
1
1
1

Presque Isle

29 Co N Lower Pn 0.8 avg. 0.8 avg.

Gogebic

1
Iron 1 1
Ontonagon 1

Houghton

Keweenaw

Baraga

Dickinson

1 1
1 1
.Marquette 1 1
1 1
1 1

Menominee

Delta

Schoolcraft

Alger 1 1

.Luce

Mackinac 1 1

Chippewa 1 1

15 Co Upp.Pen 0.7 avg. 0.7 avg.

MICHIGAN TOT. 234 18 882

138
Natural Hazards — Weather (Extreme Temperatures)




In Michigan, heat advisories will tend to be annoeoshwhen the heat index is calculated to exceedl@@kees in
an area for a period of at least 3 hours in dunatiti should be noted, however, that the tempesatside of
vehicles without air conditioning can be dozensdefrees hotter than the outdoor temperature—anooutd
temperature might be “only” 100 degrees Fahrenbaitpeople may then get into a car that excee@gi@grees.
People vary in the conditions in which they opeiatad in their capacity to tolerate extreme temipees), and
can find themselves in circumstances that thretitein health even if no official temperature adwsbas been
issued.

Heat waves tend to have stagnant atmospheric camslithat trap pollutants in urban areas and tlouspound
the health effects faced by urban residents. Bsc#he combined effects of high temperatures, highidity,
and trapped pollution are focused more intenselyrban centers, heatstroke and heat exhaustioa greater
problem in sizeable cities than in suburban orlraraas. Nationwide, approximately 135 deathsyear are
attributable to extreme heat (a total of 3,311 otlex 24 year period from 1986 to 2009, according to
http://www.nws.noaa.gov/om/hazstats/images/70-yedf$. Extreme summer heat is also hazardous totticks
and agricultural crops, and it can cause watertafes, exacerbate fire hazards, and prompt exeedsimands
for energy. Roads, bridges, railroad tracks amheroinfrastructure are susceptible to damage freireme heat
(due to the effects of thermal expansion of matgri&corching weather also puts a strain on tleegyndemands
for an area, as the use of air conditioning in@sagreatly. Possible shutdowns of schools, cdleged
industries can occur during these times.

Air conditioning is probably the most effective msaee for mitigating the effects of extreme summeathon
people. Unfortunately, many of those most vulnkerdb this hazard do not live or work in air-comnoiited
environments, especially in major urban centersrevtiee vulnerability is highest. The use of famsriove air
may help some persons feel more comfortable, bitnwthe temperature reaches the high 90s, fansnuaill
prevent heat-related illness. Bathing with coolewvds more effective, but moving to a cooler enmiment (a
basement or air-conditioned location) is most ¢ifec-even if only for a few hours per day.

To mitigate the extreme heat of summer, commung#hesuld have a contingency plan in place to prateuse
people who are most vulnerable to the heat. Thesegngency plans should include: setting up “coplétations”
where people can go to get out of the heat; a fuleyaof closings for industries, businesses, afmbals during
shutdown periods; and a means of explaining theyelanof heat conditions, such as pamphlets and loca
broadcast and print media. Monitoring of dangeromsditions can also be done through the Nationehther
Service website. A risk assessment should cakulheg likelihood of such incidents and the numbedays of
extreme temperatures likely to be experienced ir yommunity each year. It should also take accofipast
losses and harm caused by such events, and detenhonor what is still vulnerable to such conditidaday.

Heat waves severe enough to threaten health docsot every year, and several relatively mild sumsnmeay
intervene between major heat waves. The problecongplicated by the fact that long-term weatheedasts
cannot reliably predict prolonged periods of exteesummer heat. Short-term forecasts of hot weattgeemore
accurate, but often leave little time for mobiligito effectively combat the hazard. Nevertheletning and
preparedness activities can occur to mitigate tleets of this weather hazard.

Because of its geographic location in relation e Great Lakes, Michigan is somewhat less susdepttb
prolonged periods of extreme hot temperatures #ranmany other states. However, the Upper Midwast,
which Michigan is located, is definitely vulnerable extreme temperature events. As a result, Mgahi
communities (and particularly urban centers) misags be prepared to respond to heat events imganized,
coordinated and expedient manner. Extreme sumreat poses the greatest danger to urban residents—
especially the elderly, children, outdoor laborgesople with poor health, and people residing imés without

air conditioning. Michigan’s urban communities musddress extreme summer heat in their emergency
preparedness efforts. Human service agenciesntasjuorganizations, health departments, medicdl tsalth

care facilities, and schools may have a role ipaase to a heat wave. The Michigan Departmentoofir@unity
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Health, together with local health departments, ioc@dand health care facilities, may have to eshbl
specialized medical surge facilities to assishm¢are of a large number of persons who may leetaff in such
events. In addition, the local media could be éappo assist in information dissemination and comityu
outreach efforts.

In an average year, Michigan has many days abové&ftrenheit. MDCH and NWS estimate about 5 dgaghs
year, on average, due to extreme heat. Althougjetaities have been noted as having more rigk gstreme

heat, it should also be noted that residents ilated rural locations may have trouble accessingaiditioned

places, or reaching designated cooling shelteush &ccess may be easier for urban residents.

Extreme Winter Cold periods can, like heat waves, result in a sigaifimumber of temperature-related deaths.
Each year in the United States, approximately 7€&gns die as a result of severe cold temperaglmed
causes. This is substantially higher than theameeof 175 heat-related deaths each year. It dlmuhoted that

a significant number of cold-related deaths aretmetdirect result of “freezing” conditions. Ratheany deaths
are the result of illnesses and diseases thateayatimely impacted by severe cold weather, sucétrake, heart
disease and pneumonia. It could convincingly lgeied that, were it not for the extreme cold temjpees, death
would not have occurred at the time that it did tu¢he illness or disease alone. There are, lilows parts of
Michigan, an average of between 3 and 50 (or mdegs per year at or below 0° Fahrenheit. Michigkso
tends to have between 90 and 180 (or more) daygeaenn which the temperature is below the fregpaint.

Hypothermia (the unintentional lowering of core body temperafuandfrostbite (damage from tissue being
frozen) are probably the two conditions most clpsedsociated with cold temperature-related injurgl death.
Hypothermia is usually the result of over-expogdworéhe cold, and is generally thought to be clilycsignificant
when core body temperature reaches 95 degreessor ks body temperature drops, the victim may islipnd
out of consciousness, and appear confused or elided. Treatment normally involves warming thetimic
(preferably performed by trained medical personimel) frostbitten areas should not be rubbed. Aigho
frostbite damage itself rarely results in deathi¢lvhmay occur due to hypothermia instead), in engeases it
can result in the amputation of the affected bassutk.

Periods of extreme cold are risky for those in bratlal and in urban areas. Frostbite and hypottzeisrcommon
in rural areas where people are trapped outdoatrsdamot adjust properly to the temperatures. Hmdnors,
hypothermia is a concern for individuals living imadequately heated apartments or rooms. Los#eotan
occur with either of these situations. Damageuitdings and pipelines can also occur in bittedoobnditions,
resulting in expensive repairs and potential ddysusiness and school shutdowns.

To mitigate the effects of the unfavorable cold penatures, communities should make sure that hgusides
are appropriate and that adequate furnaces artage n apartment dwellings. Inspections of vudiée and
outdated infrastructure should be made in theskdison, before winter sets in. In addition, propsulation of
piped areas can prevent water main breaks.

In the wind chill chart, extremely low apparent p@ratures can also be associated with an amousxpafsure
time that it takes to cause frostbite. Cells & thble that have darker shadings denote wind tehilberatures
that can produce frostbite in 10 minutes or leSslls with lighter shadings are associated witlstivite times of

30 minutes or less. Unshaded cells in the talbdelldhrequire longer exposure times to cause friestbAgain,
the chart displays only two factors that contribbieavily to risk, but risk can be increased forirsgfividual in
particular circumstances. For example, people lshioe aware that the drier air (common to winteather) also
allows a more rapid drop in temperature than isctse with warm summer air. As a cold front mave®r as
daytime high temperatures for the day change tdttiige low temperatures, the corresponding drop in
temperature can be much greater when the humiditiow. Persons who are outdoors can rapidly find
themselves in danger of hypothermia.
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Extreme Cold History for Michigan Counties — arranged by region— Jan. 1996 to Oct. 2013

(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michig

an Profile Map sectiangio explanation of regional divisions

COUNTY or area Extreme Days with | Tot. property Tot. crop | Injuries | Deaths
Cold Events | Extreme damage damage
Cold
Washtenaw 9 9 $500,000 10
Wayne 16 15 $275,000 34 9
.Livingston 7 7 $25,000 10
Oakland 8 8 $25,000 14 4
Macomb 9 9 $25,000 11 3
5 Co Metro region 9.8 avg. 9.6 avg. $850,000 79 16
Berrien
Cass
St. Joseph
Branch
Hillsdale
Lenawee 9 9 $1,025,000 10
Monroe 9 9 $25,000 10
.Van Buren
Kalamazoo
Calhoun
Jackson
Allegan
Barry
Eaton
Ingham
.Ottawa
Kent 1 1 $150,00(
lonia
Clinton
Shiawassee 6 6 $25,000 10
Genesee 7 7 $25,000 11
Lapeer 6 6 $25,000 10
St. Clair 6 6 $25,000 10
.Muskegon
Montcalm 1 1 $100,000
Gratiot
Saginaw 7 7 $525,000 10
Tuscola 6 6 $25,000 10
Sanilac 7 7 $25,000 10 1
.Mecosta
Isabella
Midland 6 6 $25,00( 10
Bay 7 7 $25,00( 10 2
Huron 6 6 $25,000 10
34 Co S Lower Pen 84 avg. 84 avg. $1,950,000 $100,000 121 3

Continued on next page...
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Part 2 of Michigan County Extreme Cold History Table

.Oceana

1

1

$2,000,000

Newaygo

.Mason

Lake

Osceola

Clare

Gladwin

Arenac

.Manistee

Wexford

Missaukee

Roscommon

Ogemaw

losco

.Benzie

|—\|—‘H'_\'_‘H|_\|—\|—‘

Grand Traverse

Kalkaska

Crawford

Oscoda

Alcona

.Leelanau

Antrim

Otsego

Montmorency

Alpena

.Charlevoix

Emmet

Cheboygan

Presque Isle

=
N TN Ll Lol Ll T o R Y Lt P2y Ll NS IR Lol Ll PN TSN L Tt ol L

=
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29 Co N Lower Pn

0.93 avg

0.86 avg.

$2,000,000

Gogebic

Iron

18

Ontonagon

13

Houghton

Keweenaw

Baraga

16

.Marquette

16

Dickinson

17

Menominee

13

Delta

11

Schoolcraft

Alger

.Luce

Mackinac

Chippewa

N[ W]

15 Co Upp.Pen

10 avg.

MICHIGAN TOTAL

$2,800,00

D

$2,100,000

200
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Hypothermia usually occurs in one of two sets ofwinstances. One situation involves hypothermsacated
with prolonged exposure to cold while participatingoutdoor sports such as skiing, hiking or cargpirMost
victims of this form of hypothermia tend to be yguigenerally healthy individuals who may lack exgece in
dealing with extreme cold temperatures. The se®ittion involves a particularly vulnerable perseho is
subjected to only a moderate, indoor cold strédssommon example would be that of an elderly peigong in
an inadequately heated home. In such circumstahgpsthermia may not occur until days or perhapgks
after the cold stress begins. Isolated rural lonatmay involve difficulties in reaching a heatgghce, or a
designated warming shelter.

Deaths due to extreme winter cold are often nat@ated with a particular weather event. Rathezytare the
result of a one-time over-exposure to severe cadther (a hiker lost in the woods, or car failurairural area),
or more commonly from continuous exposure to maedecald temperatures by vulnerable persons (sutheas
elderly). In some cases, hypothermia deaths cafinked to severe winter weather such as snowst@ms
blizzards, where the victim is caught unpreparedte extreme cold temperatures. As mentionedeearhany
cold temperature-related deaths involve the exatier of an existing, serious medical conditiontsas heart
disease or pneumonia. In Michigan, approximat@$oof weather-related fatalities (about 40 deattrsyear)
are attributed to exposure to the cold (accordmghe Michigan Department of Community Health ahd t
National Weather Service). The following 20-yealé gives an indicator for the nation as a whole.

Number of Hypothermia-Related Deaths in U.S.: 1979998

1200

1000

800

Number
o
(=
(=

400

200

1979 1081 1983 1986 1087 1989 1991 1003 1985 1007
Year

Source: CDC Morbidity and Mortality Weekly Report

The special vulnerability of elderly persons to dyermia has become apparent. Over half of thelfeals who
die each year due to cold exposure are 60 yeageobr older, even though this age group only sgmts about
20% of the country’s population. This remarkatibgistic may be due, in part, to an impaired petioaepof cold
as well as the voluntarily setting of thermostatsdiatively low temperatures. In addition, higtesgy costs and
the relative poverty among some elderly people tisgourage their setting thermostats high enoughaimtain
adequate warmth (just as it may cause others fio thmir use of fans and air conditioning duringrsuer heat
waves). Because many elderly people live alonedandot have regular visitors, the cold conditiamsy persist
for several days or weeks, thus allowing hypothartoiset in.
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Babies and very young children are also very valblerto hypothermia. In addition, statistics irdécthat death
due to cold is more frequent among males than fesnal virtually all age groups. Part of that mayexplained
by differences in risk factors, and part may be wudifferent rates of cold exposure between awiwiperformed
by different sexes. Cold weather also increasesdoViscosity, narrows small blood vessels, andeiges blood
pressure, all of which increase the risk of cardgmular problems (e.g. a heart attack).

As explained in the general introduction to the them hazards section of this plan, there shouldnbe
presumption made that temperatures will automdyidad higher or lower in a southern or northernt pdirthe

state, despite the existence of certain trendscamncklations. All parts of Michigan experience ferature
extremes that threaten health. In fact, Michigaws most extreme temperatures on record did notroeither
in the extreme north of the Upper Peninsula ohatextreme south of the Lower Peninsula, but rathkrcations
in between — in the Northern part of the Lower Reuia. The record low temperature of -51 was nreasat

Vanderbilt (located in Otsego County) and the rddogh of 112 was at Mio (located in Oscoda County)

Nevertheless, there is some variation across Machig the conditions under which wind chill advissrare
issued, since it is the case that the warm seadonger in the southern part of the Lower Penmsuid there is a
different phase of that area’s population becomaeglimated to each year’'s winter weather. For ezt
Michigan, wind chill advisories tend to be issueldew the Wind Chill Temperature is within the -152d range.

In northern Michigan and the Upper Peninsula, aigs tend to be issued when the WCT is within-2to
-29 range. Wind chill warnings tend to be issudiemw the WCT gets down to -25 or below, in southern
Michigan, or when it gets down to -30 or belownwrthern Michigan.

Maps on the following two pages illustrate the agernumber of days above 90 degrees and the avewageer
of days below zero degrees, Fahrenheit. Althobhgly eire based on the three decades from 1971 th By
give an excellent indication of the “typical” anthuiak and exposure to Michigan summer and wirgengerature
extremes, for all of Michigan’s counties.

A different type of risk indicator is provided ihd subsequent table that lists record low and tegiperatures
for numerous weather stations across Michigan. cBarenience, the listings are divided into thregions: the

Southern Lower Peninsula, Northern Lower Peninsaifel Upper Peninsula. Note that these recorddoare
specific stations, and do not necessarily repregétitne records for the counties or surroundiogglities in that

area. They should instead be taken as an indicdittiie extremes to which various specific locatidrave

experienced, across the state.

As already noted in the Introduction to the WeatHarzards section of this plan, although it makesedo think
in terms of three general Michigan regions for aalgsis of trends and weather patterns, the exttemperature
hazard must be understood to be a significant orevery part of the state. This is true of botmser and
winter temperature extremes. In general, howe\ggasons” can be defined for these three regiandghote
when there is a serious risk of extreme temperagwents. These “seasons” are based upon the ibadtor
occurrence of very high temperatures (above 90edsyrand very low temperatures (near zero degoebglow)
and will here be generally defined:

Extreme Heat Risk Season Extreme Cold Risk Season
Southern Lower Peninsula | Early May to late September Late November to eagsjl

Northern Lower Peninsula Late May to late September Early November to April
Upper Peninsula Late May to early September| Late September to May
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Average Number of Days with
Maximum Temperature
90° and Above
.- (1971 - 2001)

HO. OF DAYS

[ 5.1 or mare (HIGH RISK)
[ ]51-90 MEDIUM RISK)
[ ]0.0-500Lovw RISK

[rata from Midwestern Regional Climatic Center
March 2002

Procluce d by
Mk ban State Polks
Bnernge voy Mavagemenrtawd Home land Sect rky DRERL
D cEmber 2010
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Average Number of Days with
Minimum Temperature
0°F and Below
(1971 - 2001)

HO. OF DAYS

[ 19 0r more (HIGH RISk
[:| 10- 18.9 (MEDIUM RISK)
[ ] o-asqowrsk

[rata from Midwestern R egional Climatic Centar
harch 2002

P 1ol NG il by
Rich han Siate Polkce
Bnerge voy Managementand Home land Secn ihy DRkl
De camber 2010

146
Natural Hazards — Weather (Extreme Temperatures)




Historic Temperature Records at Various Michigan Laations

Southern Lower Peninsula Record Low Temperature Rewrd High Temperature
Adrian (Lenawee County) -26° (Jan. 20) 108° (Juh&124)
Benton Harbor (Berrien County) -21° (Jan. 12) 104° (June 1, July 21 & 30)
Coldwater (Branch County) -23° (Jan. 4) 108° (July 24)

Ann Arbor (Washtenaw County) -23° (Feb. 11) 105° (July 24)
Bloomingdale (Van Buren Co.) -23° (Feb. 3) 105° (July 5 & 13)

Detroit (Wayne County) -24° (Dec. 22) 105° (July 24)

Jackson (Jackson County) -21° (Feb. 10) 105° (July 14)

Pontiac (Oakland County) -22° (Feb. 5) 104° (July 6, 8, 16, 24)
Flint (Genesee County) -25° (Jan. 18) 108° (July 8, 13)

Grand Rapids (Kent County) -24° (Feb. 13 & 14) 108° (July 13)

Port Huron (St. Clair County) | -19° (Jan. 19) 103° (July 9)

Harbor Beach (Huron County) -22° (Feb. 9) 105° (July 10)

Big Rapids (Mecosta County) -36° (Feb. 11) 103° (July 13, 14 & 30)

The counties listed above start with the southestrtier in Michigan, and proceed generally norttdyaier by tier.
Big Rapids is situated on the very edge of thetssatand northern regions, and its record lowtfiesnorthern region.

Northern Lower Peninsula Record Low Temperature Reord High Temperature
Alpena (Alpena County) -37° (Feb. 17) 106° (July 13

East Tawas (losco County) -29° (Feb. 1 & 20) 106° (July 8 & 9)

Gaylord (Otsego County) -39° (Jan. 6) 101° (July 11 & 30)
Gladwin (Gladwin County) -39° (Feb. 20) 105° (July 13)

Traverse City -37° (Feb. 17) 105° (July 7)

Upper Peninsula Record Low Temperature Record Higlemperature
Hancock (Houghton County) -30° (Feb. 9 & 10) 102° (July 7)

Ironwood (Gogebic County) -41° (Jan. 17, Feb. 12) 104° (July 13)

Munising (Alger County) -33° (Feb. 25) 103° (July 7, 8, 9, Aug. 6)
Sault Ste. Marie (Chippewa Co}) -37° (Feb. 8 & 10) 98° (July 3, 30, Aug 5, 6)
Statewide all-time records -51° (Feb. 9) 112° (July 13)

Vanderbilt (Otsego County) | Mio (Oscoda Co.)
Source: Extreme Michigan Weather, by Paul Grosi@20University of Michigan Press, Ann Arbor)

These tables show all the record low and high teatpees at various weather stations across Michiglacan be
noted that the majority of record low temperatuwesurred in January and February, and the majofitgcord
high temperatures took place in July. This pattestus true across all of Michigan’s regions. Hosld also be
noted that lower-lying areas often experience adielmperatures, since colder air is denser andiéreand thus
tends to sink to lower areas. Local variationshatt type help to explain why the absolute coldest hottest
temperature extremes ever recorded in Michigannaree extreme than the various records listed fecisp

weather stations.

The tempering effects of the Great Lakes also hadgerate the impact of the severe cold weather albrm
prevalent in the Midwest during the winter montiszen so, Michigan still endures many days of ewaly cold
temperatures in an average winter, and prolongeddgseof extreme cold are not uncommon during ttostims
of January and February. During those months ésfedncreased outreach to elderly persons -ipasrly
those living alone - is certainly warranted. Indi&idn, communities should be particularly cognizan the
vulnerability of elderly as well as very young pmrs when power outages occur due to ice and snowmsto
When outages are expected to last for several lwursore, consideration should be given to opemmagning
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shelters. Once power is restored, outreach teltherly may be necessary to ensure that furnaoes lheen re-
started and are working properly.

Extreme cold temperatures are a universal hazatidhigan. Whereas heat waves tend to impact ucearers
more than suburban or rural areas, cold tempesatae an “equal opportunity” killer. Every commiynin
Michigan is vulnerable, regardless of location iaes It must also be noted that many of the agjtical sectors
of Michigan are vulnerable to crop losses becafisxtoeme cold events.

Impact on the Public

Extreme temperatures can have direct impacts @opal health and productivity, which may collectivead to
reductions in economic activity and travel (e.qiriem, shopping). Extreme temperature events tenchuse
greater energy use, which can involve not only érgbnergy costs but can also result in infrastrectailures
due to limitations in the capacity of the utilityssem. About 900 annual deaths nationwide have b#ebuted
to extreme temperatures (mostly from extreme cdolblved in about 700 deaths), ranking this hazsdhe
second leading cause of fatalities (behind stratfires).

Impact on Public Confidence in State Governance

Questions may arise about the amount of utilityséessce, provision/promotion of heating/cooling tees, etc.
that governments are meant to provide, and whelieee are identifiable and unjustified inequitinghe extent
and quality of resources and infrastructure pravide different groups and locations throughout $tate.
Inequities might be attributed to shortcomings wveynment efficacy and intentions, rather thanimatéd

resources and the historical aspects of differedéaelopment patterns.

Impact on Responders

Heat and freezing conditions may directly impaa tiealth and effectiveness of responders, includieg
potential for dealing with impacts on overwhelmedailed infrastructure. Special clothing and gupent (and
maintenance) tends to become necessary under iomisddf extreme cold. Frozen pipes may inhibitionit
responders’ access to water that is needed to fiigt, and extra activities and caution may bededearound
wintry fire zones where water may have frozen aaderfooting treacherous for emergency workers ¢dnelrs).

Impact on the Environment

Periods of extreme heat or cold can affect therenmient in several ways. When the temperaturs,rizewer
consumption increases, as households and publidifgs require more energy to run air conditioning.
Agricultural areas also use more pumped waterriggiion is increased. More coal is burned toilfutfie rising
demand and thus, more greenhouse gases and toxirdesmased into the air.

Long-term environmental damage includes greenhgaseemissions that cause the earth’s temperatuigeto
even further, in what may be described as a “vigioucle.” The melting of glaciers in the arctegion will,
along with the thermal expansion of ocean watesease the sea level, erode and flood coastad,aard cause
the extinction of many species.

Climate Change Considerations

Certain indicators of climate change in Michigarvédnalready been observed. For example, in dailproec
temperature data, Michigan’s new heat records onlewed new cold records by 3 to 1 during the 1980d,by
6 to 1 during the 2000s. Extreme heat problemseapected to increase in the future, and the MSP/EBIlis
coordinating with other agencies to assess th§/likgpacts of warming trends.

Significant Heat Waves Affecting Michigan
Following are brief synopses of some of the mogamiScant heat waves that have affected Michigameicent
decades:
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July 1936 — Michigan

During the second week of July 1936, a terriblet vesve struck Michigan, and particularly Detroititwtemperatures exceeding 100 degrees for up to
seven days in a row (this varied by location—fcaraple, Detroit had 7, West Branch and Alpena hah@,Traverse City had 5). The temperature peaked
at 112 degrees in Mio, setting a state record stithtstands today. The extreme heat was an “eqppbrtunity” killer, causing many healthy adults t
succumb to the heat at work or in the streets.o, Alecause most people relied on iceboxes to kespfood fresh, many heat-related deaths andsties
occurred when the ice melted, causing the fooghtil.s Statewide, 570 people died from heat-relat@dses, including 364 in Detroit. Nationally, tresat
wave caused 5,000 deaths. Notice that these tiasugisproportionately affected the large cityDeftroit, and that Michigan was over-representeigims

of its population (11.4% of the national deathsenerMichigan).

August-September 1953 — Michigan
This summer included eleven days in a row with terafures of 90 degrees or higher in Southeast iechinine of which were 95 degrees or hotter, and
also including two days that each hit 100 degrees.

July 1964 — Michigan
A heat wave lasted for twelve days, with tempeegall exceeding 90 degrees in Southeast Michigae. highest such temperature was 95 degrees.

Summer 1988 — Central and Eastern U.S.

The 1988 drought/heat wave in the Central and EasieS. also greatly impacted Michigan. Nationwittee drought caused an estimated $40 billion in

damages from agricultural losses, disruption ofritransportation, water supply shortages, wildfiend related economic impacts. The heat wave tha
accompanied the drought conditions was particullartg in Michigan — 39 days with 90 degree or lreftteat — eclipsing the previous record of 36 days

recorded in the “dust bowl!” days of 1934. Durihgtt39-day stretch, the temperature in Southeashilyiin topped the 100 degree mark on 5 occasions,
including a peak of 104 degrees on June 25. Nati® the 1988 drought/heat wave caused an estintg@0 to 10,000 deaths. (Again, the range of

estimates is due largely to varying interpretatioh*heat-related” death.)

July 1995 — Central and Eastern U.S.

During the period from July 11-27, 1995, the Cdntfaited States and many East Coast cities expegttm devastating heat wave. According to the
National Oceanic and Atmospheric Administratiorgttheat wave caused 1,021 deaths - 465 of thoseroarin the Chicago metropolitan area alone.
Many of the deaths were low-income elderly perdivirsg in residential units not equipped with aerglitioning. Local utilities in Chicago were fortéo
impose controlled power outages because of exeessigrgy demands, and water suppliers reportedl@eryevels of water in storage. In Milwaukee,
Wisconsin, 85 heat-related deaths were reportethglihe July 11-27 period. Michigan experiencedh2@t-related fatalities in 1995, most of them
occurring during the intense heat period in Julyaddition to this tremendous human toll, themise heat also caused the loss of tens of millibresitie

and poultry throughout the Midwest. This was to#&dst summer on record for Southeast Michigarerims of having the highest average temperature in
Detroit (74.5 degrees). The average August tenyreravas even higher, at 77.1 degrees, which alsa sew record.

July 1999 — Midwest and East Coast

The July 1999 heat wave that struck the MidwestBast Coast resulted in an estimated 256 heaedetigaths in 20 states (including one in Kent Gpount
in Michigan). Most of the deaths occurred in urlagas in the Midwest, where temperatures soamedea®0 degrees for much of the month and humidity
levels were oppressively high. Numerous persotis héat-related problems (ranging from dehydrat@heat stroke) were treated at hospitals in Detroi
and other cities across the state throughout thevave.

June-August 2001 — Midwest and Central Plains

Extreme heat and humidity in the Midwest and CémRfains during parts of June, July and August sestt stress index readings soaring well above 100
degrees Fahrenheit on many days. Communities sathhesregion were forced to open “cooling centersd take other steps in an attempt to avoid heat-
related deaths among vulnerable segments of thelgtam. Despite those efforts, heat-related deatiturred in many areas — and unfortunately Maahig
was no exception. In mid-June, three elderly ezsisl of a Detroit-area nursing home died and fieeemvere hospitalized due to heat-related strédste:

the deaths prompted a bill within the Michigan Istgiure to require all nursing homes in Michigamawe air conditioning in resident rooms and common
areas.) On August 1 and August 8, heat advisames issued for many counties in the southern Ld¥egrinsula, with heat indices at 105 degrees foreso
jurisdictions on the former date, and 110 degreesdme jurisdictions on the latter date. The dtal Climatic Data Center reports one death and 200
“injured” during early August, from excessive heat.

June 2003 — Michigan

Summer heat was part of the reason that Red Flagvgs were issued for two counties in the Upperifila, warning of extreme wildfire risk. This sva
the same summer that saw a massive heat wave Builope and cause an estimated 21,000 deaths tRarés, France recorded its highest temperatures
since records had begun in 1873. Fortunately, ahdid not experience those sorts of extremelgnat

Summer, 2006 — Southeastern Michigan

The National Climatic Data Center reports that 3hfuries” occurred as a result of heat in Michiga5 occurring on May 29, and 240 in late July and
early August, although most of the latter were naidses involving dehydration, some heat exhaustind,only 6 known cases of heat stroke. A 5 day
period of temperatures at or above 90 degreesdtart July 29 for Southeastern Michigan. The imed#x averaged between 105 and 110 degrees, and
various temperature records were tied. A largebemof cooling centers were provided for residénteeed, and preparedness was very good, perhaps
because the earlier May 29 event had provided demivarning event that alerted communities to theential for heat problems. In that earlier case,
Memorial Day, temperatures went as high as the30gl{with a temperature of 98 reported at Midlaady outdoor parade events caused many to swoon
and be treated for dehydration and heat exhaustion.

August 2007 — Michigan
Red Flag warnings were issued for many Upper Peldrcounties, with extreme heat one of the maiseswf the wildfire risk.
July 17, 2011 to July 22, 2011 — Southeast Michig2akland and Wayne Counties)

A mid-July heat wave helped cap off the warmest tmam record at Detroit. Three direct deaths wepmrted due to the heat wave, as heat indices were
above 100 degrees. A 37-year-old Highland Towng@pkland County) man died from several factorduidiog an enlarged heart, obesity and
hyperthermia. A 60-year-old man died in Wayne Ggdrom hyperthermia, as he was found in his cahwie windows rolled up. A 57-year-old man was
also found dead due to hyperthermia in his Redfaxinship (Wayne County) group home.

June 28 to July 7, 2012 — Southeast Michigan (Wa@a&land, Macomb, Washtenaw, Genesee, Saginaw)

High temperatures climbed to around 100 degreassaanuch of southeast Michigan during the afterrtomurs of June 28th, with heat indices climbing
between 100 and 110 degrees. This led to an iseliecheat-related hospitalizations. Temperatsimgly came down during the evening hours, wittedri
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air slowly filtering in. Although Friday June 298mded up being hot, with high temperatures indieto mid 90s, the dry air helped to keep heaiciesl
short of 100 degrees. This was followed almost @diate by an extended heat wave that gripped sastti\ichigan during the first week of July, with
temperatures topping out around 100 degrees onpteuttays. Detroit set a record high on July 4¢aching 102 degrees. Heat indices peaked ardithd 1
degrees on July 4th and July 6th. Although no kmdwwat deaths were reported, over 700 heat-relatesigency room visits were reported statewide.
Southeast Michigan tallies included 39 heat ingiireWayne County, 28 in Oakland County, 20 in MabdCounty, 13 in Genesee County, 10 in Saginaw
County, and 5 in Washtenaw County.

July 14-19, 2013 — Southeast Michigan (Wayne, Qakldacomb, Washtenaw, Genesee, Saginaw)

A six-day heat wave impacted Southeast Michigamfduly 14 through 19, with high temperatures ragdiom the upper 80s to mid-90s. Heat Indices
were mostly in the 90s, but Detroit Metro area fitadpreported an increase of 173 heat relatedsfias during this stretch—80 in Wayne County, 50 in
Oakland County, 25 in Macomb County, and 6 in exfidWashtenaw, Genesee, and Saginaw Counties.

(NOTE: Oftentimes, heat waves exacerbate drought conditi@sulting in significant agricultural lossesor F
example, the summer heat of 1980 worsened theteféé@ drought that caused over $20 billion in@gdtural
damage. The drought / heat wave of the summe®®9 Taused a nationwide total of more than $1oilin
damage—mainly to agricultural crops in the Eastér8. The “dust bowl” conditions of the 1930s arielely
known and described in practically any U.S. histieigt. The most damaging drought / heat wave énpidist few
decades, however, was that of 1988, which affetttedCentral and Eastern United States. That eatrged $40
billion in damage, in addition to contributing tany deaths. See the Drought section for morenmdition.)

Significant Episodes of Extreme Cold Temperaturesi Michigan
February 10 to 13, 1899 — Central and Western Ld&esinsula

Record low temperatures occurred multiple days iova At Baldwin (Lake County), four days in a rdvad record low temperatures: -36, -49, -48, and
-37 degrees Fahrenheit. Grand Rapids also noteddiays in a row that set all-time records: -21,, 23, and -24 degrees. At Big Rapids (Mecosta
County), three days in a row set records: -33 degre&36 degrees, and -34 degrees. Similarly, Mgstnd Muskegon also set records for three dags in
row: the former with -26, -31, and -24, and thédatith -30, -29, and -22 degrees.

February 9, 1934 — Vanderbilt (Otsego County)

The coldest recorded temperature in Michigan wakisidocation in the northern Lower Peninsula—htggrees below zero!

February 17, 1979 — Northern Michigan

This was one of the coldest days that ever occurrédichigan, in terms of the widespread preseram®dss 14 monitoring locations) of top-ten coldest
temperatures. At Trout Lake (Chippewa County), ltve was -43 degrees. At Harrisville (Alcona Cainit was -20 degrees. To the west, at Traverse
City, the temperature went down to -37. At Stand&renac County), the low was -24 degrees, ardbaghton Lake, it was -34.

December 1993 to May 1994 — Upper Peninsula anthiior Lower Peninsula

This was the deep freeze disaster that was fegefedilared (#1028) and can be read about in thesymonding disaster report that appears in Attaohiffe

of the 2011 Michigan Hazard Mitigation Plan. Teousties (Gogebic, Ontonagon, Houghton, Marquetteltal) Schoolcraft, Chippewa, Mackinac,
Cheboygan, and Charlevoix) were declared disastarsavhen record low temperatures caused the rigeezid breakage of more than 3,200 water and
sewer lines. Service to 18,700 homes was disrupetblic costs were estimated at more than $1omil

December 9, 1995 — Detroit

Winds averaged 20 to 25 mph and resulted in Winidl Cemperatures of -30 to -35 degrees. Threeldeatcurred from hypothermia in Detroit—two at
street locations and one in a van. (The next mgrra man was also found frozen to death nearisebledd vehicle 30 miles southeast of Ontonagoerah
overnight low temperatures were -15 degrees and waliill temperatures reached -60.)

February 3 to 5, 1996 — Stephenson (Menominee @punt

There were three days in a row with record low terafures in this area. The temperatures went dow#b, -44, and -41 at a spot 8 miles west-norttiwe
of Stephenson, near the southern tip of the UppaimBula. On February 1, a few days before thémgwa cold-related death was reported in Southeast
Michigan, involving an elderly man who had wandeasehy from a nursing home in Detroit. That aredhef state also experienced extreme cold, with
Detroit’s low on February 3 reaching -7 degreebe femperature at Flint was zero degrees Fahremhéielow, for seven days in a row from Januarya31
February 6.

January 17 to 19, 1997 — Southeast Michigan

The coldest weather of the winter occurred andltex$in two deaths from hypothermia—one in Bay Gityd the other (on January 12) in Warren. Low
temperatures reached -6 at Detroit Metro Airpart] € at Flint's Bishop Airport.

January 1999 — Saginaw County

As a prelude, December 30, 1998 saw a damaging ev&aginaw Valley State University, when a sgenisystem pipe froze and burst, causing half a
million dollars in damage at Brown Hall. Water was deep as 3 to 4 inches in some offices by the the break was discovered on New Year's Eve.
Then, with January came more widespread eventdvingoextreme cold. In Southeast Michigan, 3 pessdied and 29 were confirmed as injured, as a
cold blast crept around the sheltering Great Lakek struck the southern Lower Peninsula. Tempestwent down to -13 at Ann Arbor and Tecumseh,
and -10 in surrounding areas of Washtenaw, Lenawme@, Wayne Counties. The three deaths occurrédakiand County on January 4. Confirmed
injuries involved frostbite cases from a few hoalsitin Oakland and Wayne Counties, and should lbemstood to represent only a small portion of the
actual total from this event. On the early mornaiglanuary 11, a daily low temperature of -4 degneas recorded, and on that day more than 120 wate
main breaks took place in the City of Detroit. @y large water main also ruptured in downtown Adricausing a shortage for 22,000 residents. Ryope
damage was estimated at $1.3 million.

December 21 to 29, 2000 — Southeast Michigan (¢etuthe thumb area)

In late December 2000 after heavy snow had enddderee cold temperatures invaded southeast Michigaruding portions of the thumb region.
Temperatures never got out of single digits on2Ped, with Detroit seeing a high of only 4 degrester a morning low of -3. Flint wasn't much bette
recovering from a low of -5 to reach 8 degreeshmdfternoon. Christmas morning had a morning 1bwl3 degrees at Flint, setting an all-time recfad
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the month of December. Three nights later, Flintildagive the new record a run for its money, comipgjust short with a low of -11 on the 28th. The
arctic weather would take a toll on pipes. Both i¥gpgi High School and Chelsea High School had piperst over Christmas weekend, damaging
classrooms. Several buildings on the Universitjiadhigan campus in Ann Arbor had similar rupturessluding the School of Dentistry and Wolverine
Tower. The cold also hampered shipping interestsfdrmation was extremely rapid on the Great Lak®bthe connecting waterways. Several freighters
got stuck in ice on both the Detroit River and L&kteClair, blocking the shipping channel and brmgdozens of ships to a halt. Icebreaker assistaase
needed to free the freighters. Ferry service orBth€lair River between Michigan and Canada was iakerrupted due to ice jams. The end result Was t
4th coldest December of all time in Detroit, and #md coldest at both Flint and Saginaw. No othezdinber on record comes close to this combinafion o
heavy snow and brutal cold.

January 2003 — Lower Peninsula

Temperatures averaged well below normal acros&teat Lakes region for much of January. For a tlreek period, the temperature never rose above
freezing. Temperatures fell below zero for sevarghts during this period. Frozen pipes and watainnbreaks occurred in many areas of Detroit asd it
suburbs. The cities of Flint and Saginaw also fea@sl reports of water main breaks. Several areadds had to cancel classes due to frozen pipasyM
homeless shelters were filled to capacity and hospitals reported dozens of cases of frostbiteed’eaths were also attributed to this cold spell.

February 3 to 6, 2007 — Southeast Michigan

The worst cold wave event since the 1990s struekehion on February 3 and did not let up untilrieby 6. Temperatures went as low as -7 at Saginaw
and -5 at Flint, and winds of 15 to 25 mph includests of up to 35 mph. Wind Chill Temperaturasged from -15 to -25 throughout almost the entire
event, causing nearly every school district to ehnlasses for one to two days. Hospitals repartederous cold-related ilinesses and frostbitescaseea
homeless shelters were filled to capacity. Onetdeas attributed to the bad weather. Frozen pimelswater main breaks occurred throughout the area
and flooding occurred in cases where these invobhkler system pipes. Total damages were estnat $425,000. According to AAA, there were
more than 20,000 vehicle service calls from Michigae to the cold weather—more than had been seeérly 10 years.

February 9-11, 2008 — Upper Peninsula

Temperatures of 5 to 15 below zero combined witluad 35 mph wind gusts drove bitterly cold windllohalues down to 25 to 40 below zero over much
of Upper Michigan from the night of the 9th inteetimorning of the 11th. The powerful Arctic cold ritgpushed through the Upper Great Lakes on the
afternoon and evening of the 9th and also proditiedard conditions with lake effect snow and blogisnow over portions of Upper Michigan into the
10th. Many schools were either canceled or delayethe 11th. AAA Michigan reportedly responded tonerous motorists' calls of dead batteries or fuel
line freezes during the extreme cold.

January 14-18, 2009 — Southeastern Michigan

An arctic air mass become firmly established over Great Lakes region on January 14th and persistedgh the 18 producing the winter season’s
coldest temperatures. Temperatures fell below akrfour days, with wind chill values in the 5 t0 Below range during the majority of the time. Déts

low temperatures for January 14-18th were as fdlo®, -3, -15, -11. Wind chill values also plumeteto 20 to 40 below zero from late evening on the
13th through the morning of the1hroughout much of the Upper Peninsula.

April 27, 2012 — Lower Michigan — Late Freeze

A kiling freeze caused extreme damage to agricelin the Lower Peninsula, particularly in the froelt of its northwest. Traverse City saw low
temperatures of 25 degrees on April 27th, 31 degoeethe 28th, and 26 degrees on the 29th. Altndgse values were not greatly colder than normal
lows, because of a stretch of unprecedented wamthtid-March which had included five consecutived®ree days (17th-21st) that had caused fruis tree
to bud out far ahead of schedule, these trees lefneulnerable when more normal April temperatuessirned. The tart cherry crop was a total ladsle
other orchard fruits such as sweet cherries, appézs's, and peaches saw losses in excess of 90 expected crop. Total losses exceeded $100M.

Early 2014 — Statewide

Several times during the 2013-2014 winter seasery, low temperatures were felt across the statepdoiods of time that placed many persons at risk.
This sometimes coincided with ice storms, powelufas, propane shortages, and transportation bimskavhich caused the effects of the extreme cold
temperatures to be more pronounced. The media thaderm “polar vortex” popular during these exteetemperature events. More information about
these events will be available in a future editbdthis document, since they are still ongoinghattime of writing.

Programs and I nitiatives

Extreme Summer Heat

Excessive Heat Events Guide Book — A product of the Environmental Protection Agenity conjunction with
FEMA, NOAA, and the Center for Disease Control dakvention, this booklet can be obtained online at
http://www.epa.gov/heatisland/about/heatquidebdaid.h It provides an overview of heat impacts, sourcks
risk, notification and response programs, and regendations.

Summer Heat Contingency Planning — In the aftermath of the extreme summer heattev@&nl1980 and the early
1990s, many major cities began to develop contioggitans for addressing heat-related hazards. nider
elements of these plans include: 1) enhanced weatbaitoring to better predict periods of extreneath 2)
increased outreach to the elderly and other vulbteradividuals; 3) establishment of “cooling cemstefor those
most affected by the heat; and 4) enhanced pubfarmation campaigns to inform people of the pedfs
extreme summer heat and the resources availalbleeto. In Michigan, cities such as Detroit and lags
among others, now address extreme summer heahgenties in their emergency planning efforts.
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Low Income Home Energy Assistance Program / State Emergency Relief Program — The LIHEAP is a federally-
funded program to help eligible low income housdhaheet their home heating or cooling needs. Tdweemis
used to help pay high utility bills or buy fans ar conditioners for persons considered at risknfrextreme
summer heat and it helps to pay for heat and wea#ti®n during extreme winter cold. In 2003, abd.b
million Americans received over $1.5 billion in etance under the LIHEAP. Michigan received $4@iBion
of that money to help aid low income citizens witbating expenses. In Michigan, the state Depattrokn
Human Services determines which families are digilin addition, the State Emergency Relief (SBR)gram
can also be used to alleviate the dangers of egttemat and cold for Michigan families by providifiigancial
assistance for home heating, electric and watks. bil

Extreme Winter Cold

Since illness and death from hypothermia are ndy seen in association with prolonged periods oidco
temperatures, efforts to prevent hypothermia mesbigoing throughout periods of cooler weather.caBse
elderly persons are particularly vulnerable to higpamia, prevention efforts must be primarily diegtto them.
Family, friends, neighbors, and local governmeatal voluntary agencies can help ensure that alllidg® in
which elderly persons reside are properly heafigds may require that a regular outreach prograregbeblished
for this purpose. Local communities should alseehadequate housing codes that require dwellingsat@
furnaces capable of maintaining sufficient room gerature for the winter conditions that will norigabe
expected. Governmental authorities, voluntary egsnand utilities can also assist those elderhg@es that
cannot pay all or part of their heating bills bywyding financial assistance and/or making spegiedngements
for payment. Finally, governmental and voluntaggcies should, in conjunction with local mediantaaue to
address the dangers associated with cold tempesatinrough regular public information and awareness
campaigns. The combination of all these activitiegainly will not prevent all cold temperaturdated injuries
and deaths, but it will go a long way toward prdirena large share.

Mitigation Alternativesfor the Extreme Temperatures Hazard

» Organizing outreach to vulnerable populations dupariods of extreme temperatures, including eistaibly
and building awareness of accessible heating aradoling centers in the community, and other public
information campaigns about this hazard.

* Increased coverage and use of NOAA Weather Radio.

Tie-in with Local Hazard Mitigation Planning

Because many means of implementing mitigation astioccur through local activities, this updated MPIM
places additional emphasis on the coordinationtafeSevel planning and initiatives with those takiplace at
the local level. This takes two forms:

1. The provision of guidance, encouragement,iacehtives to local governments by the State, to
promote local plan development (including a cdesation of extreme temperatures), and
2. The consideration of information containedbical hazard mitigation plans when developing

State plans and mitigation priorities.

Regarding the first type of State-local planningrdination, the information immediately followingqvides
advice regarding the extreme temperatures hazaodféo guidance to local planners, officials, amdeggency
managers. It has been adapted from the Febru@¥y 2®cal Hazard Mitigation Planning Workbook” (EMD
PUB 207). For the second type of State-local planeoordination, a section follows that summarieggeme
temperature information as it has been reportetbéal hazard mitigation plans. For a brief summafy
temperature-related information from that sectiérings plan, it will here be noted that extreme pematures
were identified as one of the most significant ndgan local hazard mitigation plans for the foliog counties:
Alger, Barry, Berrien, Cass, Gogebic, Leelanau, dnaslienominee, Monroe, Montmorency, Muskegon, Oagan
Otsego, Wayne (14 counties).
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FOG

Fog: Condensed water vapor in cloudlike masses lying close to the ground and limiting visibility.

Hazard Description

Fog forms near the ground when water vapor condense tiny liquid water droplets that remain susged in
the air. Many different processes can lead tddahmation of fog, but the main factor is saturaséd Two ways
that air can become saturated are by coolingiilstdew point temperature or by evaporating moésiato it to
increase its water vapor content. Although mogt fiy itself, is not a hazard because it does ciadly apply
destructive forces, the interaction between hunaanusfog can be a dangerous situation, sometimedtingsin
disastrous consequences. It must be noted, howatfreezing fog (a hazard for which the National Weather
Service does issue special statements) can caese luarm by causing slickness on roadways andléaasng to
serious transportation accidents (examples aragedvater in this chapter).

Haze and Smog

Haze occurs when dust, smoke and other pollutatities obscure the normal clarity of the sky. dcors when
dust and smoke particles accumulate in relativeyyaik. When weather conditions block the dispeo$amoke
and other pollutants, they concentrate and fornswally low-hanging shroud that impairs visibilitpda may
become a respiratory health threat, as well as reafedriving more difficult. Dense haze causednolystrial
pollution is also known as smog. This hazard mayse public health problems, so it is mentionedhia
subsection but is not given particular emphasisesthis plan has more of an emergency managemeun.fdt is
noted here as an area of potential overlap andefwtnordination with other agencies. The Michigapartment
of Community Health and the Michigan DepartmentNaftural Resources may do more with this issue é th
future, if the effects become severe enough. Sinoay be possible that climate change issues dhis¢o be a
more frequent and ongoing concern in Michigansitmentioned here. In general, however, air quéldg
generally improved since the effects of the CleanA&t, other legislation, regulatory measures, ahidts away
from heavy industry in Michigan’s economy.

Smoke-producing hazards may have an effect thahsegsually comparable to fog. For example, wiketi
hazardous materials incidents, structural firegomaansportation accidents, or industrial acctdanay produce
clouds of smoke that can obscure visibility andéase the risk of transportation accidents.

Hazard Analysis

In considering severe and high-impact meteoroldégeants, attention can easily become focused emtbre
dramatic storms. Tornadoes and hurricanes for pbenare readily recognized by the general puliid the
meteorological community alike for their devastgtoonsequences. Fog, on the other hand, doesmbitself
as readily to this categorization. Yet, both irstcand casualties, fog has consistently impactetkisp and in
particular the transportation sector - sometimeah weadly consequences. Fog has played a conmtigordle in
several multi-vehicle accidents over the past sdwarars. While statistics suggest that highwasidents and
fatalities, in general, have fallen, that trendasg evident with respect to accidents and fataliti@used by fog.

Fog can be very dangerous because it reduceslitysibAlthough some forms of transport can penetréng
using radar, road vehicles have to travel slowlg ase more lights. Localized fog is especiallygiaous, as
drivers can be caught by surprise. Fog is paditythazardous at airports, where some attempts heagn made
to develop methods (such as using heating or spyasalt particles) to aid fog dispersal. Thesehows have
seen some success at temperatures below freezing.

One major fog event is estimated to occur in Miahigpproximately every two years. Property dantagebe
significant for vehicles, although real propertydastructures are usually unaffected. Fog has ebtbgen
identified as one of the most significant hazardany of Michigan’s local hazard mitigation plans.
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Fog History for Michigan Counties — arranged by regon — Jan. 1996 to Oct. 2013
(The Lower Peninsula regions are ordered by “titnah south to north, west to east)
Please refer to the Michigan Profile Map sectianafio explanation of regional divisions

COUNTY or
area

Fog Events

Days with Fog

Injuries

Deaths

Washtenaw

Wayne

.Livingston

Oakland

2
2
1
1

2
2
1
1

Macomb

1

1

5 Co Metro
region

1.4 avg.

1.4 avg.

Berrien

Cass

St. Joseph

Branch

Hillsdale

Lenawee

Monroe

.Van Buren

Kalamazoo

Calhoun

Jackson

Allegan

Barry

Eaton

Ingham

.Ottawa

Kent

lonia

Clinton

Lol Ll Kl TN ol Tl Ll ol PN TSN PN PN

P RRPR R RPRP o R R RP

Shiawassee

=

[EnY

Genesee

Lapeer

N

N

St. Clair

[EnN

=

.Muskegon

Montcalm

Gratiot

Saginaw

Tuscola

Sanilac

.Mecosta

Isabella

Midland

1

1

Bay

1

1

Huron

34 Co S Lower
Pen

0.6 avg.

0.6 avg.

Continued on next page...
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Part 2 of Michigan County Fog Hazard History table

.Oceana

Newaygo

.Mason

Lake

Osceola

Clare

Gladwin

Arenac

.Manistee 1 1

Wexford

Missaukee

Roscommon

Ogemaw

losco

.Benzie

Grand Traverse

Kalkaska

Crawford

Oscoda

Alcona

.Leelanau

Antrim

Otsego

Montmorency

Alpena

.Charlevoix

Emmet

Cheboygan

Presque Isle

29 CoN 0.03 avg. 0.03 avg.
Lower Pn

Gogebic 3

Iron

LS
w|Nlw

Ontonagon

Houghton

Keweenaw

Baraga

.Marquette

Dickinson

Menominee

Delta

Schoolcraft

Alger

el R FN R IRICH FNFNTR
e R ENER IR I FNFNIR

.Luce

Mackinac

Chippewa

15 Co Upp.Pen 2.7 avg. 2.7 avg.

MICHIGAN 82 19 1
TOTAL
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Impact on the Public

The primary risks from fog involve the dangersraieling under conditions of limited visibility. lthough some
modes of transportation, such as aircraft, are-segillated, other modes, including simple pedestriavel, may
involve risks that have not been properly accouritedby those who are focused merely on reachirair th
destination as quickly as possible. The most smfisi impacts have recently involved drivers whbad habits
(primarily that of not maintaining safe speeds &itbwing distances) proved to be simply unsusthieaunder
conditions of reduced visibility, resulting in sesecrashes and subsequent roadway obstructionsorme
circumstances, these conditions of reduced vigibilan arise very quickly, although careless deyén their
desire for fast travel conditions, may erroneouishyto ignore the risks from reduced visibilities,the hope that
the condition will suddenly correct itself befongyeharm is caused.

Impact on Public Confidence in State Governance

This hazard is not expected to cause serious irmpgcn public perception of the State’s governascdong as
the cautionary messages issued by the NationalA&e&ervice and other agencies are received anetatodd.
One reason for the estimated lack of impact onipwainfidence is that (1) the hazard is typicallpealized one
not presumed to be dealt with at a State levelp{@jic announcements tend to be made when vigilgéts too
low, and (3) the airline industry operates undgutations (and also uses special equipment) toiatkethe risks
from fog. The most serious incidents in Michiganwhich extensive chain-reaction car crashes leegirred
on interstate highways, could arguably be conneutithl too lax of enforcement of fundamental traffesvs
(primarily the infractions of following too closelgnd speeding), but a large proportion of the pulihich
persists in such unsafe and often unconsciousndriabits, seems unlikely to perceive or understamdsuch
hypothetical connection between these conditions.

Impact on Responders

In certain circumstances that require an emergeesgonse, heavy fog may cause impediments and thisks
would not normally be present. This is especitlle in cases involving high-speed mechanized panastion
that requires good visibility to maintain adequaitel safe control and maneuvering ability, and fimagions that
involve search and rescue operations, for whiclbility may be very important in locating and asisig victims.
Response activities involving aircraft, for examptey be impaired or harmfully delayed by fog.

Impact on the Environment

Fog on its own does not directly impact the envinent. However, fog may reduce visibility and carate
dangerous traveling conditions. Transportation gatis involving a chemical release may cause draah to
the environment by releasing toxins into the sgiundwater or air. (Please refer to the chaptehawardous
materials, in the Technological-Industrial Hazasdstion of this plan.)

Recent Significant Fog-Related Incidents in Michiga

January 11 to 13, 1995 — Michigan’s Lower Peninsula

In January 1995, dense fog blanketed much of Ldiehigan from the evening of the 11th through therming on the 13th. The fog caused numerous
traffic accidents, which resulted in four fataltie School openings were delayed in parts of saeghMichigan as visibilities dropped to near zetmw
visibilities caused most of the flights at Detithetro airport to be cancelled, delayed or digeate the 12th. About seventy-five flights wereoadtelayed

or cancelled at Kent County International AirpertGrand Rapids.

October 25- 26, 2000 — Southeastern Metro Areas

On the morning of October 25, dense fog droppeihilitees to only about an eighth of a mile at i8S International Airport (Saginaw County), causing
most of the morning flights to be cancelled. Idifidn, several area school districts delayed thet ®f classes that morning. On the following ning,
October 26, dense fog had a similar effect uporrdpetitan Detroit, causing dozens of flights todmayed at the Detroit Metro Airport, and slowitng t
traffic of morning commuters on the area’s roads lighways.

October 11 to 12, 2002 — Lapeer County

At certain times, dense fog reduced visibility ®anzero in many locations. A 17 year old teenages killed in Goodland Township when his pickup
truck collided with a dump truck that was haulingraler. In a separate incident, a slightly old8ryear old driver failed to stop at a sign, avdck a
school bus, resulting in one injury.

January 12, 2005 — Ingham County

Up to 200 cars collided on an expressway, in arcbftrashes blamed on heavy fog in Ingham Countyamuary 12, 2005. Two people were killed and
thirty-seven others were taken to local hospitdisvas the worst crash in mid-Michigan in receaaigs and shut down both lanes of Interstate 96daztw
Okemos and Webberville for several hours. The eléog cut visibility to around ten feet during rusbur.

September 13, 2006 — Shiawassee County
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Dense fog was reported to have caused three seakistto roll over, a car crash and a separateireaori 1-69. As a result, that expressway hadetslut
down in both directions between M-71 and the GrRinder exit (a distance of about 4.5 miles), urtié taccidents could be cleared. A total of seven
persons were injured in these crashes.

November 24, 2006 — Monroe County
In November, 2006 freezing fog caused zero visibdnd created extremely dangerous driving conalitithat led to numerous vehicle collisions. A semi
truck rollover accident resulted in the death o anan. Portions of I-275 were shut down for sevamlrs due to the accident. Ten injuries were
(indirectly) associated with the hazardous fogtos tlay.

January 12, 2009 — Southern Lower Peninsula
The National Weather Service issued an advisonyl(focounties) about freezing fog that would ndiyarduce visibility, as normal fog does, but would
also freeze upon some roadways and “aggravatedgistigk conditions.”

May 22, 2010 — Manistee County

Dense fog inhibited visibility in the area. At tkatrance to Manistee Harbor, a fishing boat staugler, took on water, and submerged. Seven person
were rescued from the water, but there were tworieg and a death that still resulted (plus fouspes who were less seriously harmed and merely
required medical treatment on-site).

Programs and Initiatives

National Weather Service Detection Systems
The National Weather Service has completed a magalernization program designed to improve the guahd
reliability of weather forecasting. The keystorfetlis improvement is Doppler Weather SurveillariRadar,
which can more easily detect severe weather evkatdhreaten life and property. Although the NW&opler
Radar does not directly detect fog, the point cfagest importance is that the lead-time and spégifof
warnings for severe weather have improved signiflgaand a dense fog advisory is reported wherespdead
or localized fog reduces visibility to a quartederor less.

Weather satellites are useful tools in monitorimgl aletecting the formation of low stratus cloudsl dog.

Satellite images are obtained using two GeostdtiOperational Environmental Satellites (GOES) ardA

polar satellites. Remote sensing with GOES and N@Alar satellites allows for the continuous monitg of

weather across the Earth. Channels on theseitemstallow the use of infrared images at night. riby the

daytime hours, visible satellite data can be uedddate areas of stratus clouds and fog, and wafssr imagery
has also been found to be helpful.

Automated Surface Observation System (ASOS)
In the 1980s the National Weather Service (NWSg Hederal Aviation Administration (FAA), and the
Department of Defense (DOD) were faced with thedrtedind cost-effective ways to provide pilots itritical
weather information. With NWS in the lead role,dbdederal agencies began development of autorsatesbrs
that were intended to eventually replace human lWesabbservers. This automated sensor development
culminated in the fielding of two systems: The Autied Weather Observation System (AWOS) and the
Automated Surface Observation System (ASOS). AV#O& ASOS sensors provide continuous measurements
of ceiling, visibility, temperature, dew point, vdrspeed and direction, and precipitation. All AS§@s and
some AWOS sites also have lightning detection ambnting, courtesy of the Automated Lightning Détat
and Reporting System (ALDARS). Beginning in 198950S sites started to replace manual surface awiati
observations. There are currently 882 federalpnspred ASOS sites around the country, and 24eufh thre in
Michigan. Fog is considered to be an obstructmnisibility when the temperature and dew points aithin
5°F of each other. When the difference is more fhee degrees, haze is reported.

Automated Weather Observing System (AWOS)

The Automated Weather Observing System (AWOS)sigit® of sensors, which measure, collect and dissten
weather data to help meteorologists, pilots anghflidispatchers prepare and monitor weather forgcpkan
flight routes, and provide necessary informatianciarrect takeoffs and landings. An AWOS providéaute-to-
minute updates that are usually provided to pibgta VHF radio on a frequency between 118 and 1B&.MAn
AWOS is categorized as either federal or non-fdderA federal AWOS was purchased and is currently
maintained by the FAA. A non-federal AWOS is pwsbéd and maintained by state, local, and private
organizations. The sensors measure weather pamenseich as wind speed and direction, temperatutelew
point, visibility, cloud heights and types, pretgiion, and barometric pressure. The AWOS doespredict
weather, but may send current information to weatffices where forecasts are produced using tticmation
along with computer model outputs, satellite photo&l radar images. There are currently twentyteigh
Automated Weather Observing Systems in Michigan.
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Information Broadcast by an AWOS IlI

Airport Identifier Zulu Time

Sky Conditions Visibility

Wind Speed Wind Direction
Temperature Dew Point
Altimeter Setting Remarks
Density Altitude Wind Gusts

Advanced Weather Interactive Processing System @8I
The Advanced Interactive Processing System (AWIBS3)n interactive computer software system withul f
suite of satellite imagery used to analyze metegiodl and hydrological data. This system is ubgdhe
National Weather Service (NWS) to predict weathattguns, prepare forecasts, and issue weatheedelat
warnings. AWIPS has been the foundation of the Ndy&ations for the past decade but was plannedjpidate
to AWIPS Il in 2011. The newly updated softwardiiah is being developed by the NWS and a privatéyen
will allow data to be processed more efficientBsulting in greater accuracy of weather forecasting

Lighthouses
Lighthouses are key parts of the infrastructure vi@ter transportation, especially when dealing witle

dangerous element of fog. Michigan has more ligi¢les than any other U.S. state, by quite a larggiman

addition to traditional lighthouses, Michigan haany minor aids to navigation, in the form of cyliiwal steel
towers with navigation beacons at the top. Thesekaown as D9 towers (named after the ninth Coastré
district). Some of the D9 towers are regarded lgca$ being lighthouses, but most are not. Below Isst of

lighthouses in Michigan that are still operational.

Operational Lighthouses in Michigan

Name Lake Name Lake
Detroit River Light Erie Minneapolis Shoal Ligl Michigan
Cheboygan River Range Front Light Huron Muskegon South Breakwater Lig Michigan
Detour Reef Light Huron North Manitou Shoal Lig} Michigan
Fort Gratiot Light Huron Escanaba Ligl Michigan
Forty Mile Point Light Huron Fourteen Foot Shoal Lig Michigan
Harbor Beach Light Huron Point Betsie Ligt Michigan
Martin Reef Light Huron Poverty Island Ligk Michigan
Middle Island Light Huron Frankfort North Breakwater Lig Michigan
Poe Reef Light Huron Grand Haen South Pier Head Lights Michigan
Pointe Aux Barques Light Huron Grays Reef Ligt Michigan
Port Austin Reef Light Huron Seul Choix Pointe Ligl Michigan
Port Sanilac Light Huron Skillagalee Ligh Michigan
Presque Isle Lights Huron South Haven South erhead Light Michigan
Round Island Passage Light Huron St. Helena Island Lig Michigan
Sturgeon Pointe Light Huron St. James Ligl Michigan
Tawas Pointe Light Huron White Shoal Ligk Michigan
Thunder Bay Island Light Huron Lake St. Clair Ligr St. Clair
Alpean Light Huron St. Clair Flats South Channel Ra St. Clair
Spectacle Reef Light Huron Au Sable Ligh Superior
Round Island Light Mackinac Straits Big Bay Point Ligh Superior
Little Rapids Cut Range Light St. Mary’s River|Passage Island Lic Superior
Big Sauble Point Light Michigan Rock of Ages Ligr Superior
Charlevoix Light Michigan Gull Rock Ligh Superior
Charlevoix South Pier Light Michigan Huron Island Ligk Superior
Holland Harbor $outh Pier Head Light Michigan Isle Royale Ligk Superior
Lansing Shoal Light Michigan Keweenaw Waterway Entrance Li Superior
Little Point Sable Light Michigan Manitou Island Ligk Superior
Ludington North Breakwater Light Michigan Marquette Harbor Lig| Superior
Manistee Light Michigan Mendota Litht Superior
Manistique (East Breakwater) Light Michigan  |[Munising Range Ligh Superior
Menominee Light Michigan Eagle Harbor Ligt Superior
Whitefish Pointe Ligt Superior
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Michigan Lighthouse Assistance Program Grants
The Michigan Lighthouse Assistance Program wasbéskeed by the Michigan legislature in 1999 to siskical
groups in preserving and protecting lighthouse® ptogram arose from the efforts of the Michigaghthouse
Project, out of concern for the disposal of somelighthouses by the U.S. Coast Guardwo-thirds of
Michigan's lighthouses currently under federal osshg are scheduled for disposal within the nexiade.

Mitigation Alternativesfor the Fog Hazard
* Increased coverage and use of NOAA Weather Radio.
» De-icing measures (for freezing fog), as would bedufor other ice-related hazards.
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